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Description 

Background of the Invention 

[0001] Medical devices have been developed for a 5 
large number of applications in humans and animals. 
These include wound closure devices such as sutures, 
staples and clips; wound covering devices such as 
bandages, fabrics, meshes, cloth or netting; wound re- 
pair devices like bone plates, orthopedic rods and 
screws, or catheters; and prosthetic devices such as 
hip, knee, and dental Implants. AH of these devices pro- 
vide a specific function In treatment of the body. How- 
ever, the devices when used alone may cause certain 
problems. 

[0002] For example, sutures and catheters in human 
or animal skin are usually bandaged to prevent infection 
by pathogenic organisms and to absorb escaping bodily 
fluids. The presence of infection causing organisms on 
implants, such as sutures and catheters, is a particularly 
serious concern since bacteria are likely to become 
more active on foreign bodies. However, conventional 
bandages fail to adequately seal wounds or holes in the 
body where bodily fluids can escape and organisms can 
penetrate. Therefore, it is desireable to sufficiently seal 
such wounds thereby reducing the chances of infection 
and loss of bodily fluid. When wounds in internal tissue 
are sealed, it is particularly important that the seal is ca- 
pable of biodegrading or bioeroding so it will not have 
to be surgically removed. 

[0003] Wound covering devices are normally draped 
over the treatment site and held in place by sutures or 
adhesives. However, the suturing of these coverings in 
place is often tedious and time-consuming and not de- 
sireable in many body sites. The adhesives are normally 
used external to the body and not applied directly to the 
affected tissue but to adjacent healthy tissue because 
they must be removed. It is desireable that a biocom- 
patible material could be used to adhere wound cover- 
ings such as fabrics, meshes and bandages directly to 
the affected tissue and be biodegradable so that it would 
not have to be removed as the tissue heals. 
[0004] Certain implants such as screws or plates can 
have rough surfaces which cause abrasions on nearby 
tissue. Other implants such as clips and sutures can 
cause discomfort and may interfere with the function of 
nearby tissue. Accordingly, it is desirable to place a 
smooth coating on the rough surfaces of implants in or- 
der to decrease discomfort and reduce damage to near- 
by tissue, 

[0005] implanting a medical device such as an artifi- 
cial hip or joint usually requires a treatment regime of 

antibiotics administered topically, orally and/or Intrave- 
nously In order to reduce infection. Current recommen- 
dations suggest intravenously administering antibiotics 
for a period of 72 hours or less after implant surgery. 
See Total Joint Replacement , 1991, W.B. Saunders 
Company, Nelson, "Prevention of Postoperative Infec- 



tions," pages 77-86. In addition, topical antibiotic irriga- 
tions are common during the operative procedure. Even 
during relatively routine procedures, such as closing a 
wound with sutures or staples, a topical antibacterial 
ointment cream such as a mixture of vancomycin, poly- 
myxin B, and neosporin is often applied to reduce infec- 
tion. Since bacteria are likely to become more active on 
foreign bodies, it is desirable to provide an effective an- 
tibiotic regime at the Implant site rather than rely on pe- 
riodic injections or administration of antibiotic. Accord- 
ingly, it Is desirable to provide an Implant which releases 
a prescribed amount of antibiotic over a predetermined 
period of time. 

[0006] Implants may cause pain and/or tend to be re- 
jected by the body host. Accordingly, drugs and medi- 
caments which prevent infection, relieve pain, promote 
healing and suppress rejection are typically adminis- 
tered to patients undergoing or having undergone im- 
plant surgery. Rather than subject a patient to a regime 
of intravenously or orally administered drugs, it is desir- 
able to provide at the implant site a drug or medicament 
which is released over a predetermined period of time 
to relieve pain, promote healing, suppress rejection and 
the like. 

Summary of the Invention 

[0007] The present Invention provides an adjunctive 
polymer system for coating a medical device which is a 
surgically implantable; a bandage coated with an ad- 
junctive polymer system; a medical device which is a 
surgically implanted device coated with a solid matrix. 
[0008] The medical device is a combination of a first 
component which is a surgically implantable device 
(SID) and a second component which is an adjunctive 
polymer system (APS). The combination may be used 
in any fomn that will allow contact between the adjunctive 
polymer system and the body tissue into which the med- 
ical device is Implanted. Generally, those forms Include 
a coating or impregnation of the adjunctive polymer sys- 
tem upon the surgically implantable device prior to im- 
plantation; application of the adjunctive polymer system 
to the body tissue followed by Implantation thereon of 
the surgically implantable device; and implantation of 
the surgically implantable device followed by coating 
thereon the adjunctive polymer system. 
[0009] The first component of the medical device, 
namely the surgically implantable device, includes a 
mechanical Implant used in a human or animal body 
Generally, mechanical implants are used in combination 
with body tissue or organs temporarily, permanently, or 
semi-permanently, to remedy a problem and can be re- 
moved surgically or by biodegrading and/or bioeroding 
within the body. Exemplary implants include bandages, 
sutures, staples, clamps, fabric, meshes, webbing, 
cloth, netting, carbon fibers, artificial bones, screws, 
bone plates, orthopedic rods, nails, silicone valves, hip 
implants, knee implants, artificial hearts, replacement 
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teeth, dental implants, catheters, and the like. Many of 
the above listed devices include devices, such as band- 
ages, sutures, staples and the like, which can be applied 
topically and internally. For example, a bandage can be 
placed on exterior tissue, such as skin or mucous mem- 5 
brane, or on internal tissue, such as a liver. If desired, 
the surgically implantable device can contain a biologi- 
cally active material which can be released therefrom. 
Suture fiber, cloth and the like can be capable of releas- 
ing drugs over time. 

[0010] The second component of the medical device, 
namely the adjunctive polymer system, produces a solid 
matrix when it is contacted with water or a water-based 
environment which is normally found inside a human or 
animal body. Body tissue normally contains sufficient 
water or fluid to fomi the solid matrix. The adjunctive 
polymer system contains (a) a pharmaceutically accept- 
able, biodegradable thennoplastic polymer that is sub- 
stantially insoluble in water or human or animal body flu- 
ids, and a biocompatible organic solvent which solubi- 
lizes the polymer and is miscible or dispersible in water 
or human or animal body fluids; or (b) a pharmaceuti- 
cally acceptable, biodegradable in situ reactive prepol- 
ymer. For the thermoplastic polymer, upon contact with 
water or human or animal body fluids, the organic sol- 
vent disperses and the thermoplastic polymer coagu- 
lates to form a solid matrix. The in-site reactive prepol- 
ymer is mixed with a catalyst or initiator just prior to its 
introduction in the body where it polymerizes to fonm a 
solid Implant. 

[0011] The thermoplastic polymer component of the 
adjunctive polymer system can be any themrioplastlc 
polymer or copolymer that is biocompatible, pharma- 
ceutically acceptable and biodegradable by cellular ac- 
tion and/or by the action of body fluids. Preferably, the 
thermoplastic polymer is a polylactlde, polyglycolide, 
polycaprolactone, or copolymer thereof. The organic 
solvent component of the adjunctive polymer system 
can be any solvent which solubilizes the themnoplastic 
polymer component and is biocompatible, pharmaceu- 
tically acceptable and soluble in water. Preferably, the 
organic solvent is N-methyl-2-pyrrolidone, 2-pyrro- 
lidone, dimethyl sulfoxide, propylene carbonate and 
ethyl lactate due, at least in part, to their solvating ability 
and their biocompatibility. 

[0012] The in situ reactive prepolymer component of 
the adjunctive polymer system can be any prepolymer 
that is capable of cross-linking in situ to form a thermoset 
polymeric or copolymeric solid which is biocompatible, 
pharmaceutically acceptable and biodegradable by cel- 
lular action and/or by the action of body fluids. Prefera- 
bly, the in situ reactive prepolymer is an acrylic ester- 
terminated biodegradable prepolymer. The in situ reac- 
tive prepolymer may include a biocompatible curing 
agent or catalyst, which is capable of enhancing the 
cross-linking reaction of prepolymers. A preferred cur- 
ing agent for the acrylic ester-tenninated biodegradable 
prepolymer is benzoyl peroxide. The composition can 



be a neat liquid or it can include a pharmaceutically ac- 
ceptable organic solvent that is soluble in water and 
body fluids. 

[0013] The adjunctive polymer system can contain 
additional components such as a biologically active ma- 
terial which can be released from the solid matrix at a 
desired rate and over a desired period of time, and an 
agent which controls the rate of release of the biologi- 
cally active material. The biologically active material in- 
cludes any biologically, physiologically, or pharmacolog- 
ically active substance that acts locally or systemically 
in a human or animal body. Exemplary biologically ac- 
tive materials include antibiotics, analgesics, growth 
promoting agents, clotting agents, anesthetics, antisep- 
tics, antioxidants and the like. Preferably, the solid ma- 
trix releases an effective amount of biologically active 
agent at the Implanted site to reduce infection, pain, etc. 
or to enhance healing, growth, etc. in local tissue. Rate 
modifying agents can be used to control the rate of re- 
lease of the biologically active material. 
[0014] The adjunctive polymer system can include a 
pore forming agent for forming pores in the solid matrix. 
Pore forming agents include organic solvents and water 
soluble materials which dissolve in human or animal 
body fluid. It may be desirable to create pores in the solid 
matrix to allow the solid matrix to be capable of passing 
fluid or allowing tissue ingrowth, or to control the rate of 
release of biologically active material from the solid ma- 
trix. 

[001 5] The combination of the implantable device and 
the adjunctive polymer system can be used as the im- 
plantable device Is normally intended. The adjunctive 
polymer system enhances the compatibility of the sur- 
gically implantable device with body tissue. For exam- 
ple, the adjunctive polymer system is capable of provid- 
ing a smooth surface on Implants thereby reducing the 
occurrence of abrasions on nearby tissue caused by 
rough edges on implants. It can be applied to metallic 
screws, nails, bone plates, orthopedic rods, dental im- 
plants, sutures, staples, clips, bandages and the like to 
cover rough surfaces and/or to hold them in place. When 
applied over suture or staple knots, the adjunctive pol- 
ymer system additionally helps prevent the knots from 
slipping. 

[0016] In addition, the adjunctive polymer system can 
penetrate into holes/voids in tissue created by an im- 
plant and act as caulking to provide a tight seal around 
the implant which reduces loss of body fluids and chanc- 
es of infection. For example, the adjunctive polymer sys- 
tem can be applied around transcutaneous and percu- 
taneous catheter sites where it seeps into the surgical 
incision, solidifies, adheres the catheter to the tissue 
and forms a tight seal to reduce chances of bacteria in- 
fection. Similarly, the adjunctive polymer system can be 
applied around metallic screws, bone plates, orthopedic 
rods, dental implants and the like to fill voids, provide 
better adhesion or adaptation and/or retention, and to 
reduce chances of infection. It can also be used for co- 
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lostomy where there Is an opening to the stomach or 
intestine that needs protection. 
[001 7] The adjunctive polymer system can be applied 
as a light or thin coating as well as a thick coating. The 
adjunctive polymer system can be applied to an implant- s 
able medical device before or after It Is Implanted, and 
can be applied by brushing, spraying, dipping, extrud- 
ing, injecting and the like, and by means including a sy- 
ringe, needle, cannula, pump, and the like. 
[0018] Wound dressings and repair devices including 
surgical fabric, mesh and the like can be used in com- 
bination with the adjunctive polymer system and applied 
to organs or tissue as a patch or covering. Such fibrous 
devices can be used, for example, for vascular grafts 
and for healing wounds. The fabric or mesh provides 
strength and the adjunctive polymer system provides 
adhesion. 

[0019] The fibrous device can be soaked in the ad- 
junctive polymer system before it is applied to the tissue 
or organ. Alternatively, the adjunctive polymer system 
can be applied directly to the wound and, if desired, al- 
lowed to partially coagulate, and the fibrous device can 
be applied thereon, or the fibrous device can be applied 
directly to the wound and the adjunctive polymer system 
can be applied over the fibrous device. If desired, the 
adjunctive polymer system can penetrate into the 
wound and help hold the tissue together while providing 
a seal which resists contamination during the healing 
process. 

[0020] Upon contact with water or human or animal 

body fluid, the adjunctive polymer system coagulates or 
cures into a solid matrix but remains in contact with the 
implantable device and the organ or tissue. The length 
of time between application of the adjunctive polymer 
system to body tissue and formation of the solid matrix 
is, for the thenrnoplastic polymer system, a function of 
moisture level in or near the tissue, and the diffusion or 
dispersion rate of the solvent from the polymer. The rate 
can be accelerated by adding extemal water. For the 
themnoset polymer system, the cure time is a function 
of the reaction rate of the reactive prepolymer, etc. Over 
time, the solid matrix biodegrades or bioerodes within 
the body and is metabolized and discharged without the 
need for further surgery. Many implantable devices, 
such as sutures and bandages, can similariy be de- 
signed to biodegrade or bioerode within a body. 
[0021] Bone disorders can be treated by placing the 
adjunctive polymer system containing a biologically ac- 
tive material directly into bone marrow via an osteostent 
orosteoport. For example, chronic anemia can be treat- 
ed by Injecting the adjunctive polymer system contain- 
ing erythropoietin (EPO) into an osteostent or osteoport 
where it contacts bone marrow. As the adjunctive poly- 
mer system forms a solid matrix, the erythropoietin be- 
gins diffusing therefrom stimulating the marrow stem 
cells to produce more red blood cells. 



Detailed Description of the Invention 

[0022] As used herein, the phrase "human or animal" 
refers to any creature including a mammal, an animal, 
a bird, a reptile, etc. 

[0023] The medical device according to the present 
invention is a combination of a first component which is 
a surgically implantable device and a second compo- 
nent which is an adjunctive polymer system. The com- 
bination can be used practically anywhere within the 
body of a patient. Exemplary places for use include soft 
tissue such as muscle or fat; hard tissue such as bone; 
or a cavity or pocket such as the periodontal, oral, vag- 
inal, rectal, nasal, or the cul-de-sac of the eye. Addition- 
al places in the body where the combination can be used 
will be readily appreciated in view of the following teach- 
ing of the present invention. 

The Surgically implantable Device 

[0024] The first component, namely the surgically im- 
plantable device, includes structural or prosthetic devic- 
es such as knee and hip implants, metal plates, screws, 
nails, stainless steel rods, bone replacement material, 
silicone valves or other silicone prothesis, artificial 
hearts, replacement teeth and jaw replacement and the 
like; devices which hold tissue in place such as sutures, 
staples, cloth, netting, webbing and the like; and devices 
designed to permit injection and/or withdrawal of fluids 
or to keep a passage open such as catheters and the 
like. 

[0025] The surgically implantable device can incorpo- 
rate a biologically active material which can be released 
over time in a body. The type and amount of biologically 
active material which can be incorporated Into the sur- 
gically implantable device can be detenmined according 
to the teachings of this invention with respect to the ad- 
junctive polymer system or according to known prod- 
ucts. For example, suture fiber can contain a biologically 
active material which can be released into tissue over 
time. 

[0026] The various surgically Implantable devices 
which can be used in combination with the adjunctive 
polymer system will be readily appreciated in view of the 
following teaching of the present invention. 

The Adlunctive Polymer System 

[0027] The second component, namely the adjunctive 
polymer system, contains (a) a pharmaceutically ac- 
ceptable, biodegradable thermoplastic polymer that is 
substantially insoluble in water or human or animal body 
fluids, and a biocompatible organic solvent which solu- 
bilizes the polymer and is miscible or dispersible in water 
or human or animal body fluids; or (b) a pharmaceuti- 
cally acceptable, biodegradable in situ reactive prepol- 
ymer; or both in admixture. For the thermoplastic poly- 
mer, upon contact with water or human or animal bodily 
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fluids, the organic solvent disperses and the polymer co- 
agulates to form a solid matrix. The in situ reactive pre- 
polymer when combined with a curing agent just prior 
to insertion Into the body polymerizes or crosslinks to 
form a solid matrix. The solid matrix is alternatively re- 
ferred to herein as "the matrix" and "the polymer matrix." 
[0028] The adjunctive polymer system forms the solid 
matrix in the presence of water or human or animal body 
fluids as the organic solvent disperses from the adjunc- 
tive polymer system and the thermoplastic polymer co- 
agulates, or as the in situ reactive prepolymer cures to 
fomn a thermoset polymer. If desired, a biologically ac- 
tive material can be present in the adjunctive polymer 
system and, subsequently, incorporated into the solid 
matrix where it is released over time. In addition, the 
adjunctive polymer system can contain an agent that 
helps control the rate of release of the biologically active 
material and/or an agent which affects the pore sizes In 
the solid matrix. Thus, if a biologically active material Is 
present in the solid matrix having pores, it diffuses 
through the fluid-filled pores at a controlled rate. The 
rate at which the biologically active material departs the 
solid matrix can be a function of the rate at which the 
polymer biodegrades if the biologically active material 
cannot diffuse through the polymer matrix and if no 
pores are present or If the pores are too small. 
[0029] The adjunctive polymer system and the solid 
matrix formed therefrom are pharmaceutically accepta- 
ble and biodegradable and/or bioerodable within the 
body of a human or animal. The biodegradation enables 
a patient to metabolize the polymer matrix so that it can 
be discharged by the patient without the need for further 
surgery to remove it. Because the adjunctive polymer 
system and solid matrix are biocompatible, the insertion 
process and the presence of the adjunctive polymer sys- 
tem and, subsequently the solid matrix, within the body 
do not cause substantial tissue irritation or necrosis at 
the implant site. 

[0030] The present invention is particularly advanta- 
geous because of the adhesive properties of the biode- 
gradable, biocompatible adjunctive polymer system 
which allows it to be used as an adhesive in combination 
with human or animal tissue. As the adjunctive polymer 
system forms the solid matrix in the presence of water 
or human or animal body fluid, it remains adhered to tis- 
sue it contacted in the liquid state but does not adhere 
to other tissue it may contact after solidifying. The coat- 
ing on the solid matrix can be smooth. This is important 
when using an implantable device and adjunctive poly- 
mer system in a tight place where other surgical adhe- 
sives would cause problems by adhering to nearby or- 
gans or tissue. 

[0031] The adjunctive polymer system can have a 
wide range of viscosities depending on the particular 
use for which it is designed. For example, the viscosity 
of the adjunctive polymer system can be as low as water 
or as high or higher than molasses. The viscosity can 
be altered by selection of the polymer or in situ reactive 



prepolymer or other component used therein and by the 
concentration of the polymer in the biocompatible sol- 
vent. It may be readily appreciated how polymer molec- 
ular weight and degree of crosslinking affect viscosity, 

5 Thus, the viscosity of the adjunctive polymer system can 
be designed for a particular application. The adjunctive 
polymer system can have a low viscosity when it is in- 
tended to fomn a thin film on an implanted medical de- 
vice. This may be necessary when it is being used in a 

10 compact place such as a joint or when it is intended to 
seep into small holes in tissue created by sutures, sta- 
ples, catheters and the like. Alternatively, the adjunctive 
polymer system can be more viscous when it is intended 
to be applied as a thicker coat to seal a wound or provide 

15 a barrier against the rough edges of a bone screw. 
[0032] The following is a more detailed identification 
of ingredients which can make up the adjunctive poly- 
mer system useful in the present invention. 

20 a) Pharmaceutically Acceptable, Biodegradable 
Thermoplastic Polymer 

[0033] The pharmaceutically acceptable, biodegrad- 
able thermoplastic polymer which can be used in the ad- 

25 junctive polymer system is insoluble in water or human 
or animal body fluids. Preferably, the thermoplastic pol- 
ymer is substantially insoluble, more preferably essen- 
tially completely insoluble in water and body fluids. 
Thus, In an aqueous media, the polymer coagulates and 

30 forms a solid matrix. 

[0034] The thenmoplastic polymer can be a homopol- 
ymer, copolymer, terpolymer, etc. Examples of suitable 
thermoplastic polymers which can be used to form the 
solid matrix include polylactides, polyglycolides. polyc- 

35 aprolactones, polyanhydrides, polyamides, poly- 
urethanes, polyesteramides, polyorthoesters, polydiox- 
anones, polyacetals, polyketals, polycarbonates, poly- 
orthocarbonates, polyphosphazenes, polyhydroxybu- 
tyrates, polyhydroxyvalerates, polyalkylene oxalates, 

40 polyalkylene succinates, poly(malic acid) polymers, pol- 
ymaleic anhydrides, poly(methyl vinyl) ethers, poly(ami- 
no acids), chitin, chitosan, and copolymers, terpoly- 
mers. or combinations or mixtures of the above materi- 
als, and with other materials. 

45 [0035] Preferred thermoplastic materials are the poly- 
lactides, polyglycolides, polycaprolactones, and copol- 
ymers and terpolymers thereof. These polymers can be 
used to advantage in the adjunctive polymer system in 
part because they show excellent biocompatibility. They 

50 produce little, if any, tissue irritation, inflammation, 
necrosis, or toxicity. In the presence of water, these pol- 
ymers produce lactic, glycolic, and hydroxycaproicacid, 
respectively, which are readily metabolized by the body. 
The polylactides and polycaprolactones can also Incor- 

55 porate glycolide monomer to enhance the resulting pol- 
ymer's degradation. 

[0036] Depending on the desired softness and flexi- 
bility of the resulting solid matrix, rate and extent of bi- 
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oactive material release, rate of degradation, and the 
like, the amount and type of polymer can be varied to 
produce the desired result. For example, for a relatively 
soft and flexible polymer system, copolymers with a low 
Tg can be used, primarily the lactide/caprolactone co- 
polymers. The ratio of glycollde to lactide to caprolac- 
tone can also be varied to effect water adsorption, which 
increases with an Increasing amount of the more hy- 
drophillc monomer. The hydrophilic character of these 
monomers increases in the series as caprolactone < lac- 
tide < glycolide. 

[0037] The solubility or miscibility of a thermoplastic 
polymer in the organic solvent of the adjunctive polymer 
system will vary according to factors such as crystallin- 
ity, hydrophillcity capacity for hydrogen bonding and 
molecular weight of the polymer. Consequently, the mo- 
lecular weight and the concentration of the polymer in 
the solvent are adjusted to achieve desired miscibility, 
as well as a desired release rate for the incorporated 
bioactive material. Highly preferred thermoplastic poly- 
mers are those having solubility parameters such as a 
low degree of crystallization, a low degree of hydrogen 
bonding, low solubility in water, and high solubility in or- 
ganic solvents. 

[0038] According to the practice of the invention, the 
adjunctive polymer system of pharmaceutically accept- 
able, biodegradable thermoplastic polymer and solvent 
is a stable liquid substance. If a bioactive material is 
used, either a homogenous solution of the bioactive ma- 
terial in organic solvent, or a suspension or dispersion 
of the bioactive material In the solvent results. In either 
case, the polymer is substantially soluble in the organic 
solvent. Upon placement into an aqueous medium, the 
solvent will dissipate and the polymer will solidify to form 
the solid polymeric matrix containing, if desired, a bio- 
active material. 

b) Biocompatible Organic Solvents 

[0039] The biocompatible organic solvent which can 
be used in the adjunctive polymer system is capable of 
solubilizlng the thermoplastic polymer and is mlscible or 
dispersible in water or human or animal body fluids. 
Preferably, the solvent causes relatively little, if any, tis- 
sue irritation or necrosis at the site of the injection and 
Implantation. The solvent is water-soluble so that it will 
quickly disperse from the polymeric composition into an 
aqueous medium such as body fluids. Concomitant with 
the dispersion of solvent the polymer coagulates into the 
solid matrix. As the polymer coagulates the solvent dis- 
persion causes pore formation within the polymer com- 
position. Generally, the coagulated polymer will be mi- 
croporous. 

[0040] The degree of polarity of the solvent should be 
effective to provide at least about 10% solubility in water, 
and to dissolve, disperse or suspend the polymer com- 
ponent. The concentration of polymer in solution can be 
adjusted such that the solvent will rapidly and effectively 



dissipate. This concentration can range from about 
0.01 g/ml to that of a saturated solution 
[0041] Suitable solvents include those liquid organic 
compounds meeting the foregoing criteria. Examples In- 

5 dude, but are not limited to, N-methyl-2-pyrrolidone. 
(NMP); 2-pyrrolidone (2-pyrol); C2-C6alkanols: 2-ethox- 
yethanol; aikyt esters such as 2-ethoxyethyl acetate, 
ethyl acetate, ethyl lactate, ethyl butyrate; diethyl 
malonate, diethyl glutarate, tributyl citrate, acetyl-tri-n- 

10 hexylcitrate, diethyl succinate, tributyrin, isopropyl myr- 
istate; carbonates such as propylene carbonate, dime- 
thyl carbonate; ethylene glycol dimethyl ether; propyl- 
ene glycol; 1 ,3-butylene glycol; G-caprolactone; T^buty- 
rolactone; dimethylfomiamlde; dimethylacetamide; 

15 dimethyl sulfoxide; dimethyl sulfone; cyclic alkyi amides 
such as caprolactam; decylmethylsulfoxide; oleic acid; 
N,N-dimethyl-m-toluamide; 2,2-dimethyl-1 ,3-diox- 
olane-4-methanol (solketal); and 1-dodecylazacy- 
cloheptan-2-one. The preferred solvents are N-methyl- 

20 2-pyrrolidone, 2-pyrrolldone, dimethyl sulfoxide, propyl- 
ene carbonate, ethyl lactate due, at least In part, to their 
solvating ability and their biocompatibility. 
[0042] The solvents for the adjunctive polymer sys- 
tem are chosen for compatibility and appropriate solu- 

25 blllty of the polymer. Lower molecular weight thermo- 
plastic polymers will normally dissolve more readily in 
the solvents than high molecular weight polymers. As a 
result, the concentration of a thermoplastic polymer dis- 
solved in the various solvents differs depending upon 

30 type of polymer and its molecular weight. Conversely, 
the higher molecular weight thermoplastic polymers will 
tend to coagulate or solidify faster than the very low mo- 
lecular weight thermoplastic polymers. Moreover, the 
higher molecular weight polymers tend to give higher 

35 solution viscosities than the low molecular weight ma- 
terials. Thus, depending on the desired application of 
the adjunctive polymer system, the molecular weight 
and the concentration of the polymer in the solvent are 
controlled. 

40 [0043] A solvent mixture can be used to Increase the 
coagulation rate of thermoplastic polymers that exhibit 
a slow coagulation rate. In such a system one compo- 
nent of the mixture is typically a good solvent for the 
thermoplastic polymer, and the other component is a 

45 poorer solvent or a nonsolvent. The two liquids are 
mixed at a ratio such that the thennoplastlc polymer is 
still soluble, but precipitates with the slightest increase 
in the amount of nonsolvent, such as water in a physio- 
logical environment. By necessity, the solvent system 

50 must be mlscible with both the thermoplastic polymer 
and water. An example of such a binary solvent system 
is the use of NMP and ethanol for low molecular weight 
DL-PLA. The addition of ethanol to the NMP/polymer so- 
lution increases its coagulation rate significantly. 

55 [0044] When the thermoplastic liquid composition is 
added to the aqueous medium, the organic solvent dif- 
fuses into the surrounding medium (body fluids or an 
extemal water medium) and the polymer coagulates to 
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form the solid matrix having pores, preferably micropo- 
res. The more or less simultaneous diffusion and coag- 
ulation produce a matrix with a core and skin structure 
that in part Is believed to be a factor in the establishment 
of the desired control of rate and extent of release of 
biologically active material, If present. 

c) Pharmaceutically Acceptable, Biodegradable In 
Situ Reactive Prepolymer 

[0045] The pharmaceutically acceptable, biodegrad- 
able in situ reactive prepolymer which can be used in 
the adjunctive polymer system can cure In the presence 
of water or body fluids to form a thermoset polymer. If 
desired, a curing agent such as a curing catalyst can be 
used to cure the reactive prepolymer. The resulting ther- 
moset polymer is pharmaceutically acceptable, biode- 
gradable and insoluble in water or human or animal 
body fluids. 

[0046] The reactive prepolymers can be liquid and/or 
combined with a biocompatible organic solvent as de- 
scribed above to provide a liquid. Any of the biodegrad- 
able polymers previously described for the thermoplas- 
tic system and having or being adapted to have cross- 
linkable or curable functional groups can be used. Pre- 
polymers can be used. However, low molecular weight 
oligomers are preferred. These are usually liquids at 
room temperature. They are also preferably functional- 
ized with end groups that are reactive with acryloyi chlo- 
ride to produce acrylic ester capped prepolymers. Acryl- 
ic prepolymers for use in the liquid composition may be 
synthesized according to a variety of methods including, 
but not limited to, reaction of a carboxylic acid, such as 
acrylic or methacrylic acid, with an alcohol; reaction of 
a carboxylic acid ester, such as methyl acrylate or me- 
thyl methacrylate, with an alcohol by transesterificatlon; 
reaction of a carboxylic acid chloride such as acryloyi 
chloride with an alcohol, and reaction of an isocyana- 
toalkyi acrylate, such as isocyanatoethyl methacrylate, 
with an alcohol. These methods are known in the art. 
[0047] A preferred biodegradable polymer system is 
produced from poly(DL-lactide-caprolactone), or 
"DL-PLC." Low molecular weight polymers or oligomers 
produced from these materials are flowable liquids at 
room temperature. To prepare the DL-PLC polymer ma- 
trix, hydroxy-terminated PLC prepolymers are initially 
synthesized via copolymerization of DL-lactide or L-lac- 
tide and E-caprolactone with a multifunctional polyoyi 
initiator and a catalyst. Catalysts useful for the prepara- 
tion of these prepolymers are preferably basic or neutral 
ester-interchange (transesterification catalysts). These 
include, for example, metallic esters of carboxylic acids 
containing up to 18 carbon atoms, such as formic, ace- 
tic, lauric, stearic, and benzoic acids. Stannous octoate 
and stannous chloride are preferred catalysts. 
[0048] In the above reaction, if a bifunctional polyester 
is desired, a bifunctional poiyol chain initiator such as 
ethylene glycol is employed. If a trifunctional polyester 



is desired, a trifunctional poiyol chain initiator such as 
trimethylolpropane is employed. The amount of chain 
initiator used determines the resultant molecular weight 
of the polymer or copolymer. For example, a high con- 

5 centration of a bifunctional chain initiator provides an in- 
itiator molecule for each polymer chain, whereas a low 
concentration of bifunctional initiator provides one initi- 
ator molecule for every two polymer chains. 
[0049] The diol or polyol-terminated prepolymers are 

10 converted to acrylic-ester prepolymers by any suitable 
method, as for example, by acylation of the alcohol ter- 
minal end with acryloyi chloride by means of a Schotten- 
Baumann technique. 

[0050] A curing agent, such as a catalyst, may be add- 
15 ed to the acrylic prepolymer mixture to enhance cross- 
linking of the prepolymers and the subsequent solidifi- 
cation of the resulting polymer to form a matrix. For ex- 
ample, a peroxide such as benzoyl peroxide may be 
added to the acrylic prepolymer mentioned above. Op- 
20 tionally, other acrylic monomers may be added to the 
acrylic prepolymer mixture before adding the curing 
agent. 

[0051] This thermoset polymer forming system can be 
used wherever a bioactive material can be advanta- 

25 geously released from a biodegradable implant. Be- 
cause the reactive prepolymer remains a liquid for a 
short time after addition of the curing agent, the liquid 
prepolymer/bioactive material/curing agent mixture 
preferably is Immediately thereafter inserted into the 

30 aqueous medium. The curing steps can be accom- 
plished using known means, e.g., by exposure to radi- 
ation, with or without a curing agent 
[0052] The thermoset liquid composition can contain 
one or more materials to form a microporous matrix. 

35 These include water-soluble materials such as sugars, 
salts, and polymers, or solvents. If a solvent Is used, the 
solvent may be present in an amount suitable to fonri a 
porous matrix, but not so high as to substantially dilute 
the prepolymers such that the resultant polymer would 

40 be only lightly cross-linked. 

d) Biologically Active Materials 

[0053] The terms "drug," "medicament," or "bioactive 
45 material" (i.e., biologically active material) as used here- 
in include, biologically, physiologically, or pharmacolog- 
ically active substances that act locally or systemically 
in the human or animal body. 

[0054] When a biologically active agent is to be re- 
50 leased by the solid matrix, the agent is dissolved in the 
adjunctive polymer system to form a homogenous solu- 
tion or dispersed in the adjunctive polymer system to 
form a suspension. Various forms of the medicaments 
or biologically active materials can be used which are 
55 capable of being released from the solid matrix into ad- 
jacent tissues or fluids. The medicaments are at least 
very slightly water soluble, preferably moderately water 
soluble, and are diffusible through the polymeric corn- 
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position. They can be acidic, basic, or amphoteric salts. 
They can be nonionic molecules, polar molecules, or 
molecular complexes capable of hydrogen bonding. 
They can be In the form of ethers, esters, amides and 
the like, or polymer drug conjugates and the like, which 
are biologically activated when introduced into the hu- 
man or animal body. 

[0055] Generally, any drugs or bioactlve materials 

that can be dissolved or dispersed In an aqueous envi- 
ronment can be utilized in the adjunctive polymer sys- 
tem. Representative drugs or bioactive materials that 
can be used In the adjunctive polymer system or solid 
matrix of the present Invention Include, but are not lim- 
ited to, peptide drugs, protein drugs, desensitizing ma- 
terials, antigens, anti-infective agents such as antibiot- 
ics, antimicrobial agents, antiviral, antibacterial, antipar- 
asitic, antifungal substances and combination thereof, 
antiallergenics, androgenic steroids, decongestants, 
hypnotics, steroidal antiinflammatory agents, anti- 
cholinergics, sympathomimetics, sedatives, miotics, 
psychic energizers, tranquilizers, vaccines, estrogens, 
progestational agents, humoral agents, prostaglandins, 
analgesics, antispasmodics, antimalarials, antihista- 
mines, cardioactive agents, nonsteroidal antiinflamma- 
tory agents, antiparkinsonian agents, antihypertensive 
agents, p-adrenergic blocking agents, nutritional 
agents, and the benzophenanthridine alkaloids. The 
agent may further be a substance capable of acting as 
a stimulant, sedative, hypnotic, analgesic, anticonvul- 
sant, and the like. 

[0056] The adjunctive polymer system can contain a 
large umber of biologically active agents either singly or 
In combination. The biologically active agents can be in 
a controlled release component which is dissolved, dis- 
persed or entrained in the adjunctive polymer system. 
The controlled release component can include micro- 
structures, macrostructures, conjugates, complexes, 
low water-solubility salts and the like. Microstructures 
include nanoparticles, cyclodextrins, microcapsules, 
micelles. Liposomes and the like. Macrostructures in- 
clude fibers, beads and the like. Controlled release com- 
positions are disclosed in copending U.S. Patent appli- 
cation Serial No. 08/225,140. filed Aprils. 1994, entitled 
"Liquid Delivery Compositions," the disclosure of which 
is incorporated herein by reference. 
[0057] It Is preferred that the biologically-active 
agents contained and released from the adjunctive pol- 
ymer system are those that supplement and/or improve 
the benefits of the medical device with which the adjunc- 
tive polymer system is combined. Examples of these bi- 
ologically-active agents include, but are not limited to: 

Anti-inflammatory agents such as hydrocortisone, 
prednisone, fludrotisone, triamcinolone, dexameth- 
asone, betamethasone, and the like. 
Anti-bacterial agents such as penicillins, cepha- 
losporins, vancomycin, bacitracin, polymycins, tet- 
racyclines, chloramphenicol, erythromycin, strepto- 
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mycin, quinolone, and the like. 
Antifungal agents such as nystatin, gentamicin, mi- 
conazole, tolnaftate, undecyclic acid and Its salts, 
and the like. 

5 Analgesic agents such as salicylic acid, salicylate 
esters and salts, acetaminophen, ibuprofen, mor- 
phine, phenylbutazone, indomethacin, sulindac, 
tolmetin, zomeplrac, and the like. 
Local anesthetics such as cocaine, benzocaine, no- 

10 vocaine, lidocaine, and the like. 

[0058] The bioactive material may also be a sub- 
stance, or metabolic precursor thereof, which is capable 
of promoting growth and survival of cells and tissues, or 

15 augmenting the activity of functioning cells, as for ex- 
ample, blood cells, neurons, muscle, bone marrow, 
bone cells and tissues, and the like. For example, the 
bioactive material may be a nerve growth promoting 
substance, as for example, a ganglioside, phosphatidyl- 

20 serine, a nerve growth factor, brain-derived neurotroph- 
ic factor The bioactive material may also be a growth 
factor for soft or fibrous connective tissue as, for exam- 
ple, a fibroblast growth factor, an epidermal growth fac- 
tor, an endothelial cell growth factor, a platelet derived 

25 growth factor, an insulin-like growth factor, a periodontal 
ligament cell growth factor, cementum attachment ex- 
tracts, and fibronectrin. 

[0059] To promote bone growth, the biologically active 
material may be an osteoinductive or osteoconductive 

30 substance. Suitable bone growth promoting agents in- 
clude, for example, osteoinductive factor (OIF), bone 
morphogenetic protein (BMP) or protein derived there- 
from, demineralized bone matrix, and releasing factors 
thereof. Further, the agent may be a bone growth pro- 

35 moting substance such as hydroxyapatite, tricalclum 
phosphate, a di- or polyphosphonic acid, an anti-estro- 
gen, a sodium fluoride preparation, a substance having 
a phosphate to calcium ratio similar to natural bone, and 
the like. A bone growth promoting substance may be in 

40 the form, as for example, of bone chips, bone crystals 
or mineral fractions of bone and/or teeth, a synthetic hy- 
droxyapatite, or other suitable form. The agent may fur- 
ther be capable of treating metabolic bone disorders 
such as abnonnal calcium and phosphate metabolism 

<5 by, for example, inhibiting bone resorption, promoting 
bone mineralization, or inhibiting calcification. The ac- 
tive agent may also be used to promote the growth and 
survival of blood cells, as for example, a colony stimu- 
lating factor, and erythropoietin. 

50 [0060] The biologically-active agent may be included 
in the compositions in the form of, for example, an un- 
charged molecule, a molecular complex, a salt, an ether, 
an ester, an amide, polymer drug conjugate, or other 
form to provide the effective biological or physiological 

55 activity. 

[0061] The bioactive material can be miscible in the 
polymer and/or solvent to provide a homogenous mix- 
ture with the polymer, or insoluble In the polymer and/or 
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solvent to form a suspension or dispersion with the pol- 
ymer. It is highly preferred that the biologically active 
material be combined with the thermoset polymer form- 
ing composition almost immediately prior to administra- 
tion of the composition to the implant site. It is further 5 
preferred that the bloactive material does not contain 
functional groups that could interfere with the cross-link- 
ing reaction of the thermosetting polymer. These condi- 
tions are readily determined by those of skill in the art 
simply by comparing the structure of the bioactive ma- 
terial and the reacting moieties of the thermosetting pol- 
ymer. 

[0062] Upon formation of the solid matrix from the ad- 
junctive polymer system, the biologically active material 
becomes incorporated into the polymer matrix. The bl- 
oactive material will be released from the matrix into the 
adjacent tissues or fluids by diffusion and polymer deg- 
radation mechanisms. Manipulation of these mecha- 
nisms also can influence the release of the bioactive ma- 
terial into the surroundings at a controlled rate. For ex- 
ample, the polymer matrix can be fonnulated to degrade 
after an effective and/or substantial amount of the bio- 
active material is released from the matrix. Release of 
a material having a low solubility in water, as for example 
a peptide or protein, typically requires the degradation 
of a substantial part of the polymer matrix to expose the 
material directly to the surrounding tissue fluids. Thus, 
the release of the biologically active material from the 
matrix can be varied by, for example, the solubility of the 
bioactive material in water, the distribution of the bioac- 
tive material within the matrix, or the size, shape, poros- 
ity, solubility and biodegradability of the polymer matrix, 
among other factors. The release of the biologically ac- 
tive material can facilitate pore formation. The release 
of the biologically active material from the matrix Is con- 
trolled relative to its intrinsic rate by varying the polymer 
composition, molecular weight, and/or polymer concen- 
tration, and by adding a rate modifying agent to provide 
a desired duration and rate of release, as described 
above. 

[0063] The polymer system is formulated to contain 
the bioactive material in an amount effective to provide 
a desired biological, physiological and/or therapeutic ef- 
fect. The "effective amount" of a biologically active ma- 
terial incorporated into the polymeric composition of the 
invention depends on a variety of factors, such as the 
desired release profile, the concentration of bioactive 
material required for a desired biological effect, and the 
period of time over which the bioactive material needs 
to be released for desired treatment. Ultimately, this 
amount is determined by the patient's physician who will 
apply his experience and wisdom in prescribing the ap- 
propriate kind and amount of bioactive material to pro- 
vide therapy for the patient. There is generally no critical 
upper limit on the amount of bioactive material incorpo- 
rated into the polymer solution. The only limitation is a 
physical limitation for advantageous application. I.e., the 
bioactive material should not be present In such a high 



concentration that the solution or dispersion viscosity is 
too high for use. The lower limit of bioactive material in- 
corporated Into the polymer system typically depends 
only on the activity of the bioactive material and the pe- 
riod of time desired for treatment. 

e) Pore Forming Agent 

[0064] Other additives can be used to advantage in 
further controlling the pore size in the solid matrix, which 
influences the structure of the matrix and the release 
rate of a bioactive material or the diffusion rate of body 
fluids. For example, If the thermoplastic polymer liquid 
composition is too impervious to water or tissue In- 
growth, a pore-forming agent can be added to generate 
additional pores in the matrix. Any biocompatible water- 
soluble material can be used as the pore-forming agent. 
These agents can be either soluble in the adjunctive pol- 
ymer system or simply dispersed within it. They are ca- 
pable of dissolving, diffusing or dispersing out of both 
the coagulating and/or reacting polymer matrix where- 
upon pores and microporous channels are generated. 
The amount of pore-forming agent (and size of dis- 
persed particles of such pore-forming agent, if appropri- 
ate) within the adjunctive polymer system will directly 
affect the size and number of the pores In the polymer 
matrix. 

[0065] Pore-forming agents include any pharmaceu- 
tically acceptable organic or inorganic substance that is 
substantially miscible in water and body fluids and will 
dissipate from the forming and formed matrix into aque- 
ous medium or body fluids or water-immiscible sub- 
stances that rapidly degrade to water soluble substanc- 
es. The pore-forming agent may be soluble or insoluble 
in the thermoset polymer liquid composition of the In- 
vention. It is further preferred that the pore-forming 
agent is miscible or dispersible in the organic solvent to 
form a uniform mixture. Suitable pore-forming agents in- 
clude, for example, sugars such as sucrose and dex- 
trose, salts such as sodium chloride and sodium carbon- 
ate, and polymers such as hydroxylpropylcellulose, car- 
boxymethylcellulose, polyethylene glycol, and polyvi- 
nylpyrrolidone. The size and extent of the pores can be 
varied over a wide range by changing the molecular 
weight and percentage of pore-fomrilng agent incorpo- 
rated into the polymer system. 

Combination of Surgically Implantable Device and 
Adjunctive Polymer System 

[0066] The adjunctive polymer system can be applied 
by any convenient technique. For example, the adjunc- 
tive polymer system can be applied by brushing, spray- 
ing, extruding, dipping, injecting and the like, and by 
means including a syringe, needle, cannula, pump, 
catheter and the like. The adjunctive polymer system 
can be applied in the form of a film, caulk, etc. However, 
to Increase adhesion to body tissue. It may be desirable 
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to remove excess water or body fluid from the surface 
of the tissue. Although the body tissue can and should 
be moist, it should not have a layer of fluid thereon if It 
is intended that the adjunctive polymer system adhere 
thereto. Alternatively, if it is undesirable for the adjunc- 
tive polymer system to adhere to body tissue when it is 
functioning, for example as caulk, it may be desirable to 
add additional water to the tissue surface. 
[0067] The adjunctive polymer system can be applied 
to the implantable device at any time before, during, or 
after implantation. For example, it may be desireable to 
apply the adjunctive polymer to a catheter, package the 
coated catheter In a shrink-wrap film, and store the 
packaged catheter until It is used. Similarly a bandage 
can be packaged in combination with the adjunctive pol- 
ymer system for future use. Alternatively, it may be de- 
sirable to apply the adjunctive polymer system over an 
implant, such as a bone screw or a suture line, or to tis- 
sue before implant surgery. 

[0068] In the presence of sufficient water or body fluid, 
the adjunctive polymer system coagulates into a solid 
matrix. If desired, the amount of water in contact with 
the adjunctive polymer system can be controlled so as 
to control the rate of solid matrix formation. 
[0069] The combination of the adjunctive polymer 
system and the implantable device holds tissue in place. 
Conventional implantable devices used to hold tissue 
together can be used in the present invention. Such de- 
vices include sutures, ligatures, staples, clips, bandag- 
es, webbing and the like. However, by coating the ad- 
junctive polymer system on such devices, one can, as 
desired, advantageously increase the adhesion and/or 
adaptation of the device to the tissue, seal the wound to 
reduce loss of body fluid and chances of infection, pro- 
vide a smooth surface over the device, and administer 
drugs or medicaments directly at the desired site. As dis- 
cussed above, biologically active agents can be added 
to the adjunctive polymer system to reduce Infection, 
promote healing, relieve pain, etc. 
[0070] Generally, the adjunctive polymer system can 
be applied to sutures, staples and the like by brushing 
and spraying. However, the adjunctive polymer system 
can be applied by dipping or drawing the suture filament 
through the adjunctive polymer system before it is used 
to hold tissue together Advantageously, the adjunctive 
polymer system seeps or penetrate into the holes cre- 
ated by the sutures or staples, and seals the holes there- 
by preventing fluids such as blood, urine, bowel material 
and the like from leaking out through the suture holes 
and bacteria or other contaminant from entering the 
wound. Alternatively, the adjunctive polymer system can 
be applied to an area before or during suturing to help 
provide adhesion and/or to quickly administer a biolog- 
ically active agent thereto. 

[0071] When applied to incised or torn tissue, the ad- 
junctive polymer system can help adhere the tissue and 
to seal the wound to prevent body fluid from leaking out 
and to prevent germs or other debris from contaminating 



the wound. As the adjunctive polymer system pene- 
trates into the wound, it mixes with water or body fluids 
and coagulates, or cures. Into a solid matrix. Generally, 
in internal tissues and organs such as arteries and 
5 veins, liver, pancreas, etc., there is usually sufficient 
body fluid within the tissue or organ to completely form 
the solid matrix. However, in some situations, there may 
not be enough body fluid present to quickly and com- 
pletely form the solid matrix. For example, when the ad- 
10 junctive polymer system covers exposed sutures hold- 
ing the outer layer of skin together, it may be helpful to 
add water to the adjunctive polymer system to increase 
the rate of fonnation of the solid matrix. 
[0072] Applying the biodegradable adjunctive poly- 
ps mer system as a film over exposed sutures to prevent 
penetration of bacteria from outside the body is partic- 
ulariy important in exterior wounds, dental surgery, 
throat surgery, and the like, since the sutures would oth- 
erw\se be exposed to the atmosphere. 
20 [0073] In addition, the adjunctive polymer system can 
be used to improve knot retention in sutures and staples, 
and to ensure that clips and clamps remain secure for 
a desired length of time. Since suture knots tend to loos- 
en, it is desirable to apply a biodegradable composition 
25 thereto which adheres to the knot allowing it to hold 
more firmly. 

[0074] Similarly, the adjunctive polymer system can 
be used with catheters such as transcutaneous and per- 
cutaneous catheters. The adjunctive polymer system 

30 can be applied around the catheter site where It seeps 
into the surgical incision, solidifies, adheres the catheter 
to the tissue and forms a tight seal to prevent bacterial 
infection. As discussed above, a catheter can be coated 
with the adjunctive polymer system and stored until it is 

35 used, or the adjunctive polymer can be applied to the 
wound site as caulk. Alternatively, the adjunctive poly- 
mer system can be applied to body tissue before the 
catheter is implanted. Thus, as the catheter is inserted 
the solid matrix forms around the wound site. Similarly, 

40 the adjunctive polymer system can be used for colosto- 
my where there is an opening to the stomach or intes- 
tines that needs protection. 

[0075] The adjunctive polymer system can be applied 
to other medical devices such as metallic screws, bone 

45 plates, orthopedic rods, dental implants and the like to 
enhance adaptation to body tissue. The adjunctive pol- 
ymer system can help the device adhere to tissue and 
can be applied over rough surfaces to prevent abrasion 
to other tissue. The adjunctive polymer system can act 

50 as a caulking material to fill voids created between the 
device and body tissue and to provide a desired admin- 
istration rate of biologically active agent at the desired 
site. 

[0076] When used near or in conjunction with bone 
55 tissue, the adjunctive polymer system preferably con- 
tains a biologically active agent to prevent infection and 
aid in healing. For example, growth factors can advan- 
tageously be used with sintered metal or hydroxyapatite 



10 



19 



EP 0 754 064 B1 



20 



coatings that are porous in that the controlled release of 
thefactorwould provide better bone ingrowth. The same 
holds for other devices in which soft tissue ingrowth is 
needed such as muscle or ligament repair. 
[0077] The adjunctive polymer system can be used 5 
for treating bone disorders. For example the adjunctive 
polymer system can contain erythropoietin (EPO) and 
can be placed in living bone marrow to treat patients suf- 
fering from chronic anemia. Generally, the adjunctive 
polymer system is injected into the living bone marrow io 
through an osteostentorosteoport. The EPO stimulates 
erythrogenesis. 

[0078] The invention will be further described with ref- 
erence to the following specific examples which are not 
intended to limit the scope of invention. 15 

Example 1 (The Adjunctive Polymer System) 

[0079] Adjunctive polymer systems A-G can be pre- 
pared by mixing the ingredients described below in a 20 
polyethylene container at room temperature. 

System A: 50:50 Poly(DL-lactide-co-caprolactone) 
(20g) 

N-methyl-2-pyn-olidone (80g) 25 

System B: 75:25 Poly (DL-lactide-co-glycollde) 
(40g) 

N-methyl-2-pyn-olidone {60g) 

30 

System C: Poly (DL-lactide) (40g) 
N-methyl-2-pyn'olidone (60g) 

System D: 50:50 Poly (DL-lactide-co-caprolactone) 
(15g) 35 

N-methyl-2-pyrrolidone (80g) 

Vancomycin (5g) 

System E: 50:50 Poly (DL-lactide-co-glycolide) 
{40g) 40 

N-methyl-2-pyn'olldone (50g) 

Demineralized bone matrix (lOg) 

System F: Acrylic terminated copolymer of 15:85 
poly 45 
(DL-lactide-co- caprolactone (9.9g) 
Benzoyl peroxide (O.lg) 

System G: 50:50 Poly(DL-lactide-co-gylcolide 
(50g) 50 

N-methyl-2-pyrrolidone (50g) 

Erythropoietin (10g) 

Example 1 

55 

[0080] A dog's leg can be shaved and prepared for 
Introduction of a transcutaneous catheter. The catheter 
can be Inserted and System A sprayed on the wound 



site to form a film which will solidify into a matrix in about 
20 seconds. 

[0081] The solid matrix will tightly adhere to the skin 
tissue and the catheter. 

Example 2 

[0082] A pig can be anesthetized, and a half inch in- 
cision made in the liver. The incision can be sutured and 
System B brushed over the suture line to form a film 
which will solidify into a solid matrix in about 2 minutes. 
The film will adhere to the liver tissue and the sutures, 
and seal the wound. 

Example 3 

[0083] A dog can be anesthetized, and a segment of 
bone removed from the tibia of one leg. A stainless steel 
plate can be attached to the two sections of the tibia with 
bone screws. System C can then be brushed over the 
bone plate and screws to completely coat them. The liq- 
uid polymer will solidify into a solid matrix in about 2 min- 
utes and will adhere tightly to the plates and screws to 
provide a smooth surface. 

Example 4 

[0084] A rabbit can be anesthetized and a small sec- 
tion of the back shaved. A half inch incision can be made 
in the back iand sutured together with silk sutures. Sys- 
tem D can be sprayed over the wound and suture site 
using an aerosol system. The liquid polymer will pene- 
trate into the wound and around the sutures to form a 
20 ^.m film and solidify in about 20 seconds. 

Example 5 

[0085] A dog can be anesthetized and a small drill 
hole made in the molar section of the mandible. System 
E can then be applied to the surface of the drill hole using 
a small syringe. The base section of the dental implant 
can be immediately screwed Into the drill hole where the 
liquid polymer completely coats the interface between 
the implant and the bone tissue and solidify to fonn a 
tight seal and matrix for delivery of the demineralized 
bone matrix. 

Example 6 

[0086] A dog can be anesthetized and a section of a 
vein removed. A vascular graft made with a Dacron pol- 
yester mesh can be soaked in System F and sutured in 
place where the liquid prepolymer cures in 10 minutes 
to form a non pervious graft coated with a biodegradable 
polymer. 
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Example 7 

[0087] A rabbit can be anesthetized and a small drill 
hole made in the tibia such that it penetrates to the mar- 
row. An osteostent can be screwed into the drill hole and 5 
the tissue sutured in place. System G can then be in- 
jected into the osteostent device through the injection 
port. The liquid polymer will solidify with the osteostent 
in about 2 minutes where the drug will slowly release 
into the marrow space. io 



Claims 



1. A medical device, comprising: 

(a) a surgically implantable device for use with 
human or animal tissue; in combination with 

(b) an adjunctive polymer system; 
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20 



the adjunctive polymer system being com- 5. 
bined with the implantable device to enhance the 
compatibility, adhesion, adaptation and/or retention 
of the implantable device when placed In contact 
with said tissue, and/or to seal a wound, Incision or 25 
opening in said tissue to reduce loss of body fluid 6. 
or reduce bacterial infection when the implantable 
device is placed in contact with said tissue; 

the adjunctive polymer system comprising: 

30 7, 

(I) a phannaceutically acceptable, biodegrada- 
ble thermoplastic polymer that is insoluble in 
water or human or animal body fluids, and a bio- 
compatible organic solvent which solubilizes 
the polymer and is miscible to dispersible in wa- 35 
ter or human or animal body fluids, and capable 
of dissipating from the polymer system into sur- 
rounding tissue fluid whereupon the thermo- 
plastic polymer forms a solid matrix; or 
(ii) a liquid, pharmaceutically acceptable, bio- <o 
degradable reactive prepolymer capable of cur- 
ing in situ to form a solid matrix. 

2. The medical device according to claim 1, wherein 

the adjunctive polymer system is in the form of a 45 
solid matrix prepared by: 

(i) adding water or human or animal body fluid 
to the adjunctive thermoplastic polymer sys- 
tem; or 50 

(ii) adding a catalyst or initiator to the reactive 
prepolymer system. 

3. The medical device according to claim 2, wherein 

the solid matrix is microporous. 55 

4. A bandage for use in sealing a wound in a body tis- 
sue; 



the bandage being coated with an amount of 
an adjunctive polymer system such that the band- 
age will seal the wound when placed in contact with 
the body tissue and upon coagulation of the poly- 
mer system to form a solid matrix; 

the adjunctive polymer system comprising: 

(a) a pharmaceutically acceptable, biodegrad- 
able thermoplastic polymer that is insoluble in 
water or body fluids, and a biocompatible or- 
ganic solvent which solubilizes the polymer and 
is miscible to dispersible in water or body fluids, 
and capable of dissipating or dispersing from 
the polymer system into surrounding tissue flu- 
id, whereupon the thermoplastic polymerforms 
a solid matrix; or 

(b) a liquid, pharmaceutically acceptable, bio- 
degradable reactive prepolymer capable of cur- 
ing in situ to form a solid matrix. 

The bandage of claim 4, wherein the bandage is bi- 
odegradable and selected from the group consist- 
ing of fabric, mesh, webbing, cloth, net, and combi- 
nations thereof. 

The bandage of claim 4, wherein a biologically ac- 
tive agent is incorporated into the bandage, the ad- 
junctive polymer system, or both. 

An adjunctive polymer system for use in combina- 
tion with a surgically implantable device to enhance 
the compatibility, adhesion, adaptation and/or re- 
tention of the implantable device with human or an- 
imal tissue, and/or to seal a wound, incision or 
opening in said tissue to reduce loss of body fluid 
or reduce bacterial infection when the implantable 
device Is placed in contact with said tissue; 

the adjunctive polymer system being applied 
to the surgically implantable device such that the 
combination of the adjunctive polymer system with 
the device is effective to achieve said enhancement 
or sealing; 

wherein the adjunctive polymer system com- 
prises: 

(i) a pharmaceutically acceptable, biodegrada- 
ble thermoplastic polymer that is insoluble in 
waterorhuman or animal bodyfluids, and a bio- 
compatible organic solvent which solubilizes 
the polymerand is miscible to dispersible in wa- 
ter or human or animal body fluids; and capable 
of dissipating from the polymer system into sur- 
rounding tissue fluid whereupon the thermo- 
plastic polymer forms a solid matrix; or 

(ii) a liquid, pharmaceutically acceptable, bio- 
degradable reactive prepolymer capable of cur- 
ing in situ to form a solid matrix. 
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8. An adjunctive polymer system for use in conjunction 
with a bandage for sealing a wound in a body tissue; 

the adjunctive polymer system being applied 
to the bandage such that the combination of the ad- 
junctive polymer system with the bandage is effec- 5 
tlve to seal the wound when placed in contact with 
said body tissue and upon coagulation of the poly- 
mer system to form a solid matrix; 

wherein the adjunctive polymer system com- 
prises: 

(i) a pharmaceuticaliy acceptable, biodegrada- 
ble thermoplastic polymer that is insoluble in 
water or human or animal body fluids, and a bio- 
compatible organic solvent which solubilizes 
the polymer and is miscible to dispersible in wa- 
ter or human or animal body fluids; and capable 
of dissipating from the polymer system into sur- 
rounding tissue fluid whereupon the thenno- 
plastic polymer fomis a solid matrix; or 

(ii) a liquid, pharmaceuticaliy acceptable, bio- 
degradable reactive prepolymer capable of cur- 
ing in situ to form a solid matrix. 

9. An adjunctive polymer system for use as a medica- 
ment for treating a bone disorder; 

the medicament having a viscosity effective 
to be placed through an osteostent or osteoport In 
living bone marrow, and to coagulate or cure in situ 
to form a solid matrix; 

wherein the adjunctive polymer system com- 
prises a biologically active agent, and: 

(i) a pharmaceuticaliy acceptable, biodegrada- 
ble thermoplastic polymer that is insoluble in 
water or human or animal body fluids, and a bio- 
compatible organic solvent which solubilizes 
the polymer and is miscible to dispersible in wa- 
ter or human or animal body fluids; and capable 
of dissipating from the polymer system into sur- 
rounding tissue fluid whereupon the thermo- 
plastic polymer fomris a solid matrix; or 
(il) a liquid, pharmaceuticaliy acceptable, bio- 
degradable reactive prepolymer capable of cur- 
ing in situ to form a solid matrix. 

10. Use of an adjunctive polymer system for the man- 
ufacture of a device for surgically implanting in a 
body tissue; 

the adjunctive polymer system being applied 
to the surgically implantable device such that the 
combination of the adjunctive polymer system with 
the implantable device is effective to enhance the 
compatibility, adhesion, adaptation and/or retention 
of the implantable device when placed In contact 
with said tissue, and/or to seal a wound, incision or 
opening in said tissue to reduce loss of body fluid 
or reduce bacterial infection when the implantable 



device is placed in contact with said tissue; 

wherein the adjunctive polymer system com- 
prises: 

(i) a pharmaceuticaliy acceptable, biodegrada- 
ble thermoplastic polymer that is insoluble in 
waterorhuman or animal body fluids, and a bio- 
compatible organic solvent which solubilizes 
the polymer and is miscible to dispersible in wa- 
ter or human or animal body fluids; and capable 
of dissipating from the polymer system into sur- 
rounding tissue fluid whereupon the themno- 
plastic polymer forms a solid matrix; or 

(ii) a liquid, pharmaceuticaliy acceptable, bio- 
degradable reactive prepolymer capable of cur- 
ing in situ to form a solid matrix. 

11. Use of an adjunctive polymer system for the man- 
ufacture of a bandage material for sealing a wound 
in a body tissue; 

the adjunctive polymer system being applied 
to the bandage material such that the combination 
of the adjunctive polymer system with the bandage 
is effective to seal the wound when placed in contact 
with said body tissue and upon coagulation of the 
polymer system to form a solid matrix; 

wherein the adjunctive polymer system com- 
prises: 

(i) a pharmaceuticaliy acceptable, biodegrada- 
ble thermoplastic polymer that is insoluble in 
waterorhuman or animal body fluids, and a bio- 
compatible organic solvent which solubilizes 
the polymer and is miscible to dispersible in wa- 
ter or human or animal body fluids; and capable 
of dissipating from the polymer system into sur- 
rounding tissue fluid whereupon the thermo- 
plastic polymer forms a solid matrix; or 

(ii) a liquid, pharmaceuticaliy acceptable, bio- 
degradable reactive prepolymer capable of cur- 
ing in situ to form a solid matrix. 

12. Use of an adjunctive polymer system for the man- 
ufacture of a medicament for treating a bone disor- 
der; 

the medicament having a viscosity effective 
to be placed through an osteostent or osteoport in 
living bone marrow, and to coagulate or cure to form 
a solid matrix; 

wherein the adjunctive polymer system com- 
prises a biologically active agent, and: 

(i) a pharmaceuticaliy acceptable, biodegrada- 
ble thermoplastic polymer that is insoluble in 
waterorhuman or animal body fluids, and a bio- 
compatible organic solvent which solubilizes 
the polymer and is miscible to dispersible in wa- 
terorhuman or animal body fluids; and capable 
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of dissipating from the polymer system into sur- 
rounding tissue fluid whereupon the thermo- 
plastic polymer forms the solid matrix; or 
(ii) a liquid, pharmaceutically acceptable, bio- 
degradable reactive prepolymer capable of cur- 5 
ing in situ to form the solid matrix. 

13. Use according to claim 9 or 12 , wherein the biolog- 
ically active agent is erythropoietin Included in the 
adjunctive polymer system in an amount to stimu- io 
late erythrogenesis in a patient with chronic anemia. 

14. Any of claims 1-3, 7 and 10, wherein the surgically 
implantable device is selected from the group con- 
sisting of a suture, staple, clamp, fabric, mesh, 15 
cloth, netting, webbing, carbon filter, artificial bone, 
screw, bone plate, orthopedic rod, osteostent, nail, 
silicone valve, hip implant, knee implant, artificial 
heart, replacement tooth, dental implant, catheter, 
and combinations thereof. 20 

15. Any of claims 1-12, wherein the thermoplastic pol- 
ymer is selected from the group consisting of poly- 
lactides, polyglycolides, polycaprolactones, poly- 
anhydrides, polyamides, polyurethanes, polyes- 25 
teramides, polyorthoesters, polydioxanones, poly- 
acetals, polyketals, polycarbonates, polyorthocar- 
bonates, polyphosphazenes, polyhydroxybu- 
tyrates, polyhydroxyvalerates, polyalkylene 
oxalates, polyalkylene succinates, poly(amlno ac- 30 
ids), and copolymers, terpolymers, and any combi- 
nation thereof. 

16. Any of claims 1-12, wherein the thermoplastic pol- 
ymer is selected from the group consisting of poly- 35 
lactides, polyglycolides, polycaprolactones, and co- 
polymers thereof. 

17. Any of claims 1-12, wherein the adjunctive polymer 
system of the reactive prepolymer (b)(ii) further 40 
comprises a biocompatible curing agent capable of 
enhancing a cross-linking reaction of the reactive 
prepolymer. 

18. Any of claims 1-12, wherein the reactive prepolymer ^5 
is an acrylic ester-terminated biodegradable prepol- 
ymer. 

19. Any of claims 1-12, wherein the adjunctive polymer 
system of the reactive prepolymer (b) (ii) comprises so 
a pharmaceutically acceptable organic solvent that 

is miscible to dispersible in water and body fluid. 

20. Any of claims 1-12, wherein the biocompatible or- 
ganic solvent is selected from the group consisting 55 
of N-methyl-2-pyrrolidone, 2-pyrrolidone, C2-Ce al- 
kanols, 2-ethoxyethanol, alkyi esters, carbonates, 
ethylene glycol dimethyl ether, propylene glycol. 



1,3-butylene glycol, e-caprolactone, y-butyrolac- 
tone, dimethylformamide, dimethylacetamide, 
dimethyl sulfoxide, dimethyl sulfone, cyclic alkyI 
amides, decylmethylsulfoxide, oleic acid, N,N-die- 
thyl-m-toluamide, 2,2-dimethyl-1 ,3-dioxolone- 
4-methanol, l-dodecylazacycloheptan-2-one, and 
any combination thereof. 

21. Any of claims 1-12, wherein the organic solvent is 
selected from the group consisting of N-methyl- 
2-pyrrolldone, 2-pyrrolidone, dimethyl sulfoxide, 
propylene carbonate, ethyl lactate, and combina- 
tions and mixtures thereof. 

22. Any of claims 1-12, wherein the organic solvent is 
a mixture of a first organic solvent capable of dis- 
solving the thermoplastic polymer and a second or- 
ganic solvent Incapable or less capable than the 
first organic solvent of dissolving the thermoplastic 
polymer; 

the first and second solvents included in the 
mixture at a ratio such that the thermoplastic poly- 
mer is soluble therein, and coagulates to form a sol- 
id matrix upon placing the composition within the 
body and the dissipation or diffusion of the solvent 
into body fluid. 

23. Any of claims 1-12, wherein the adjunctive polymer 
system further comprises a biologically active agent 
selected from the group consisting of antibiotics, 
analgesics, growth promoting agents, clotting 
agents, anesthetics, antiseptics, antioxidants, anti- 
inflammatories, and mixtures thereof. 

24. Any of claims 1-12, wherein the adjunctive polymer 
system further comprises a biologically active agent 
selected from the group consisting of antibiotics, 
antimicrobials, antivirais, antibacterials, antiparasit- 
ics, antifungals, and mixtures thereof. 

25. Claim 23, wherein the biologically active agent is 
capable of stimulating bone growth and is selected 
from the group consisting of an osteoinductive fac- 
tor, bone morphogenetic protein, demineralized 
bone matrix and releasing factors thereof, diphos- 
poric acid, polyphosphoric acid, anti-estrogen, so- 
dium fluoride, and mixtures thereof. 

26. Claim 23, wherein the biologically active agent is a 
growth factor selected from the group consisting of 
fibroblast growth factor, epidermal growth factor, 
endothelial cell growth factor, platelet derived 
growth factor, insulin-like growth factor, periodontal 
ligament cell growth factor, cementum attachment 
extract, fibronectin, and mixtures thereof. 

27. Any of claims 1-12, wherein the adjunctive polymer 
system further comprises a controlled release com- 
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portent associated with a biologically active agent; 

wherein the controlled release component Is 
selected from the group consisting of a nanoparti- 
cle, cyclodextrin, microcapsule, micelle, liposome, 
fiber, bead, low water-solubility salt of the active 
agent, complex of the active agent, and a conjugate 
of the active agent. 

28. Any of claims 1-12, wherein the adjunctive polymer 
system further comprises a pore forming agent se- 
lected from a group consisting of a sugar, salt and 
water-soluble polymer. 



ner fasten Matrix vorliegt, hergestellt durch: 

(I) Zugeben von Wasser Oder menschlicher 
Oder tierischer Korperflussigkeit zum beigeord- 
5 neten themioplastischen Polymersystem; oder 

(ii) Zugeben eines Katalysators oder Initiators 
zum reaktiven Prepolymersystem. 

10 3. Die medizinische Vorrichtung gemali Anspruch 2, 
wobel die feste Matrix micropords ist. 

4. EIne Bandage zur Verwendung beim Verschliellen 
einer Wunde in einem Korpergewebe; 
wobei die Bandage mit einer Menge eines beige- 
ordneten Polymersystem s beschichtet ist, so dass 
die Bandage, wenn diese mit dem Korpergewebe 
In Kontakt gebracht wird und Koagulation des Po- 
lymersystems unter Bildung einer festen Matrix er- 
folgt, die Wunde verschlieHen wird; 
wobei das belgeordnete Polymersystem umfal^t: 



Patentanspriiche '5 

1 . Eine medizinische Vorrichtung umfassend: 

(a) eine chlrurgisch implantierbare Vomchtung 
zur VenA/endung mit menschlichem oder tieri- 20 
schem Gewebe: in Kombination mit 



(b) einem beigeordneten Polymersystem; 

wobel das beigeordnete Polymersystem mit 25 
der implantierbaren Vorrichtung kombiniert ist um 
die Kompatibilitat, Adhasion, Anpassung und/oder 
Retension der implantierbaren Vorrichtung zu stei- 
gem, wenn sle mit besagtem Gewebe in Kontakt 
gebracht wird und/oder um eine Wunde, Inzision 30 
Oder Offnung in besagtem Gewebe zu verschlie- 
lien, um den Verlust von Korperflussigkeit zu redu- 
zieren oder bakterielle Infektion zu reduzieren, 
wenn die implantierbare Vorrichtung mit besagtem 
Gewebe In Kontakt gebracht wird; 35 

wobei das beigeordnete Polymersystem um- 

faBt: 

(i) ein pharmazeutisch akzeptables, biologisch 
abbaubares thermoplastisches Polymer, wel- 40 
ches unloslich in Wasser oder menschllchen 
Oder tierischen KdrperflCssigkeiten ist und ein 
biokompatibles organisches Losungsmittel, 
welches das Polymer lost und mischbar bis di- 
spergierbar in Wasser oder menschllchen oder ^5 
tierischen Kdrperflussigkeiten ist und aus dem 
Polymersystem in die umgebende Gewebe- 
flussigkeit abfuhrbar ist, woraufhin das thermo- 
plastische Polymer eine feste Matrix bildet; 
Oder 50 

(ii) ein flussiges, pharmazeutisch akzeptables, 
biologisch abbaubares reaktives Prepolymer, 
welches zur In-situ-Hartung fahig ist, um eine 
feste Matrix zu bilden. 55 

2. Die medizinische Vorrichtung gemSB Anspojch 1, 
worin das beigeordnete Polymersystem in Fonn ei- 



(a) ein phanmazeutisch akzeptables, biologisch 
abbaubares thermoplastisches Polymer, wel- 
ches unloslich in Wasser oder Korperflussigkeit 
ist und ein biokompatibles organisches Lo- 
sungsmittel, welches das Polymer lost und 
mischbar bis dispergierbar in Wasser oder Kor- 
perfiussigkeiten ist und abfuhrbar oder disper- 
gierbar aus dem Polymersystem in die umge- 
bende Gewebeflussigkeit ist, woraufhin das 
thennoplastische Polymer eine feste Matrix bil- 
det; Oder 

(b) ein flQssiges, pharmazeutisch akzeptables, 
biologisch abbaubares reaktives Prepolymer. 
welches fahig zur In-situ-Hartung ist. um eine 
feste Matrix zu bilden. 

5. Die Bandage des Anspruchs 4, wobei die Bandage 
biologisch abbaubar ist und gewahit wird aus der 
Gruppe bestehend aus Stoff, Netz, Gewebe, Tuch, 
netzartigem Gewebe und Kombinationen davon. 

6. Die Bandage des Anspruchs 4, wobei ein biologisch 
aktives Agens in die Bandage, das beigeordnete 
Polymersystem oder beide eingeschlossen ist. 

7. Ein beigeordnetes Polymersystem zur Verwendung 
in Kombination mit einer chlrurgisch implantierba- 
ren Vorrichtung um die Kompatibilitat, Adhasion, 
Anpassung und/oder Retension der implantierba- 
ren Vorrichtung gegenuber menschlichem oder tie- 
rischem Gewebe zu steigem, und/oder eine Wun- 
de, Inzision oder Offnung in besagtem Gewebe zu 
verschlieden, um den Veriust von Korperflussigkeit 
zu reduzieren oder bakterielle Infektion zu reduzie- 
ren, wenn die implantierbare Vorrichtung mit besag- 
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tem Gewebe in Kontakt gebracht wird; 

wobei das beigeordnete Polymersystem auf die 

chirurgisch implantlerbare Vorrichtung aufgebracht 

wird, so dass die Kombination des beigeordneten 

Polymersystems mit der Vorrichtung wirksam ist, 5 

urn besagte Steigerung Oder das VerschlieHen zu 

errelchen; 

wobei das beigeordnete Polymersystem umfallt: 

(i) ein pharmazeutisch akzeptables, biologisch io 
abbaubares thermoplastisches Polymer, wel- 
ches unloslich in Wasser Oder menschlichen 
Oder tlerischen KorperflQssigkeiten ist und ein 
biokompatibles organisches Ldsungsmittel, 
welches das Polymer lost und mischbar bis di- 15 
spergierbar in Wasser oder menschlichen oder 
tlerischen Korperflussigkelten ist und aus dem 
Polymersystem In die umgebende Gewebe- 
flussigkeitabfOhrbarist, woraufhin das thermo- 
plastische Polymer eine feste Matrix blldet; 20 
Oder 

(ii) ein flussiges, pharmazeutisch akzeptables, 
biologisch abbaubares reaktives Prepolymer, 
welches zur In-situ-Hartung fahig ist, um eine 25 
feste Matrix zu bilden. 

8. Ein belgeordnetes Polymersystem zur Venwendung 
zusammen mit einer Bandage zum VerschlieBen el- 
ner Wunde in einem Korpergewebe; 30 
wobei das beigeordnete Polymersystem auf die 
Bandage aufgebracht wird, so dass die Kombinati- 
on des beigeordneten Polymersystems mit der 
Bandage wirksam ist, wenn mit besagtem Korper- 
gewebe in Kontakt gebracht wird und Koagulation 35 
des Polymersystems erfolgt, um eine feste Matrix 

zu bilden, die Wunden zu verschlieHen; 

wobei das beigeordnete Polymersystem umfaBt: 

(i) ein pharmazeutisch akzeptables, biologisch 40 
abbaubares thermoplastisches Polymer, wel- 
ches unlSsllch In Wasser oder menschlichen 
Oder tlerischen KorperflOssigkeiten ist und ein 
biokompatibles organisches Losungsmittel, 
welches das Polymer lost und mischbar bis di- 4S 
spergierbar in Wasser oder menschlichen oder 
tierischen Kdrperflusslgkeiten ist und aus dem 
Polymersystem in die umgebende Gewebe- 
flussigkeit abfuhrbar ist, woraufhin das thermo- 
plastische Polymer eine feste Matrix blldet; so 
Oder 

(ii) ein flussiges, pharmazeutisch akzeptables, 
biologisch abbaubares reaktives Prepolymer, 
welches zur In-situ-Hartung fahig ist, um eine 55 
feste Matrix zu bilden. 

9. Ein beigeordnetes Polymersystem zur Venwendung 



als Medikament zur Behandlung eIner Knochener- 
krankung; 

wobei das Medikament eine Viskositat besltzt, die 
wirksam ist durch einen Osteostent oder Osteoport 
in lebendes Knochenmark plaziert zu werden und 
in situ zu koagulieren Oder hSrten, um eine feste 
Matrix zu bilden; 

wobei das beigeordnete Polymersystem ein biolo- 
gisch aktlves Agens umfaUt und: 

(i) ein pharmazeutisch akzeptables, biologisch 
abbaubares thermoplastisches Polymer, wel- 
ches unloslich in Wasser oder menschlichen 
Oder tierischen Korperflussigkelten ist und ein 
biokompatibles organisches Ldsungsmittel, 
welches das Polymer lost und mischbar bis di- 
spergierbar in Wasser oder menschlichen oder 
tierischen Korperflussigkelten Ist und aus dem 
Polymersystem In die umgebende Gewebe- 
flQssigkeit abfOhrbar Ist, woraufhin das thermo- 
plastische Polymer eine feste Matrix bildet; 
Oder 

(11) ein flussiges, pharmazeutisch akzeptables, 
biologisch abbaubares reaktives Prepolymer, 
welches zur In-situ-Hartung fahig ist, um eine 
feste Matrix zu bilden. 

10. Ven/vendung eines beigeordneten Polymersystems 
zur Herstellung einer Vorrichtung zurchirurgischen 
Implantation in ein Korpergewebe; 
wobei das beigeordnete Polymersystem auf die 
chirurgisch implantierbare Vorrichtung aufgebracht 
ist, so dass die Kombination des beigeordneten Po- 
lymersystems mit der implantierbaren Vomchtung 
wirksam ist. die Kompatibilitat, Adhasion, Anpas- 
sung und oder Retenslon der implantierbaren Vor- 
richtung zu steigem, wenn sie mit besagtem Gewe- 
be in Kontakt gebracht wird und/oder um eine Wun- 
de, Inzision oder Offnung in besagtem Gewebe zu 
verschlieUen, um den Veriust von KorperflOssigkeit 
zu reduzieren oder bakterielle Infektion zu reduzie- 
ren, wenn die implantierbare Vorrichtung mit besag- 
tem Gewebe in Kontakt gebracht wird; 
wobei das beigeordnete Polymersystem umfaRt: 

(t) ein pharmazeutisch akzeptables, biologisch 
abbaubares thermoplastisches Polymer, wel- 
ches unloslich in Wasser oder menschlichen 
Oder tierischen Korperflussigkelten ist und ein 
biokompatibles organisches Losungsmittel, 
welches das Polymer I6st und mischbar bis dl- 
spergierbar In Wasser oder menschlichen oder 
tierischen Korperflussigkelten ist und aus dem 
Polymersystem in die umgebende Gewebe- 
flussigkeit abfuhrbar ist, woraufhin das thermo- 
plastische Polymer eine feste Matrix bildet; 
Oder 
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(ii) eln flussiges, pharmazeutisch akzeptables, 
biologisch abbaubares reaktives Prepolymer. 
welches zur In-situ-Hartung fahig ist, urn eine 
feste Matrix zu bilden. 

11. Verwendung eines belgeordneten Polymersystems 
zur Herstellung eines Bandagematerials zum Ver- 
schlieflen einer Wunde in einem K6rpergewebe; 
wobei das belgeordnete Polymersystem auf das 
Bandagematerial aufgebracht ist, so dass die Kom- 
bination des beigeordneten Polymersystems mit 
der Bandage, wenn mit besagtem Korpergewebe in 
Kontakt gebracht wird und Koagulation des Poly- 
mersystems stattfindet, um eine feste Matrix zu bil- 
den, wirksam ist die Wunde zu versclilieBen; 
wobei das beigeordnete Polymersystem umfaRt: 

(i) ein pharmazeutisch akzeptables, biologisch 
abbaubares thermoplastisches Polymer, wel- 
ches unlSslich in Wasser oder menschlichen 
Oder tierischen Korperflusslgkeiten ist und ein 
biokompatibles organisches Losungsmittel, 
welches das Polymer lost und mischbar bis di- 
spergierbar in Wasser oder menschlichen oder 
tierischen Korperflusslgkeiten ist und aus dem 
Polymersystem in die umgebende Gewebe- 
flussigkeit abfuhrbar ist, woraufhin das thermo- 
plastische Polymer eine feste Matrix blldet; 
Oder 

(ii) ein flussiges, pharmazeutisch akzeptables, 
biologisch abbaubares reaktives Prepolymer, 
welches zur In-situ-Hartung fahig ist, um eine 
feste Matrix zu bilden. 

12. Verwendung eines beigeordneten Polymersystems 
zur Herstellung eines Medikaments zur Behand- 
lung einer Knochenerkrankung; 

wobei das Medikament eine Viskositat besitzt, die 
wirksam ist, um durch einen Osteostent oder 
Osteoport in lebendes Knochenmark plaziert zu 
werden und zu koagulieren oder zu harten, um eine 
feste Matrix zu bilden; 

wobei das beigeordnete Polymersystem ein biolo- 
gisch aktives Agens umfaSt und: 

(i) ein pharmazeutisch akzeptables. biologisch 
abbaubares thermoplastisches Polymer, wel- 
ches unloslich in Wasser oder menschlichen 
Oder tierischen Kfirperfliissigkeiten ist und eln 
biokompatibles organisches Losungsmittel, 
welches das Polymer lost und mischbar bis di- 
spergierbar In Wasser oder menschlichen oder 
tierischen Korperflussigkeiten ist und aus dem 
Polymersystem in die umgebende Gewebe- 
flGssigkeit abfuhrbar ist, woraufhin das thermo- 
plastische Polymer die feste Matrix bildet; oder 
(II) eln flOssiges, pharmazeutisch akzeptables. 



biologisch abbaubares reaktives Prepolymer, 
welches zur In-situ-Hartung fahig ist, um die fe- 
ste Matrix zu bilden. 

1 3. VenA^endung gemali Anspruch 9 oder 1 2, wobei das 
biologisch aktive Agens Erythropoetin, einge- 
schlossen in das beigeordnete Polymersystem ist, 
in einer Menge, welche die Erythrogenese bei ei- 
nem Patienten mit chronischer An§mie stimuliert. 

14. Irgendelnerder Anspruche 1 bis 3, 7 und 10, wobei 
die chirurgisch implantiertDare Vorrichtung gewahit 
wird aus der Gruppe bestehend aus einem Naht- 
material, Klammer, Klemme, Stoff, Netz, Tuch, 
netzartlgem Gewebe. Gewebe, Karbonfllter, kQnst- 
lichem Knochen, Schraube, Knochenplatte, ortho- 
padischem Stab, Osteostent, Nagel, Sillconventil, 
HQftimplantat, Knieimplantat, kunstlichem Herz, 
Zahnersatz, Dentalimplantat, Katheter und Kombi- 
nationen davon. 

15. Irgendelnerder Anspruche 1 bis 12, wobei das ther- 
moplastische Polymer gewahit wird aus der Gruppe 
bestehend aus Polylactiden, Poiyglycoliden, Poly- 
caprolactonen, Polyanhydriden, Polyamiden, Poly- 
durethanen, Polyesteramiden, Polyorthoestem, 
Polydioxanonen, Polyacetalen, Polyketalen, Poly- 
carbonaten, Polyorthocarbonaten, Polyphospha- 
zenen, Polyhydroxybutyraten, Polyhydroxyvalera- 
ten, Polyalkylenoxalaten, Polyalkylensuccinaten, 
Polyamlnosauren, und Copolymeren, Terpolyme- 
ren und jedweder Kombinatlon davon. 

16. Irgendelnerder Ansprtiche 1 bis 12, wobei das ther- 
moplastische Polymer gewahit wird aus der Gruppe 
bestehend aus Polylactiden, Poiyglycoliden, Poly- 
caprolactonen und Copolymeren davon. 

17. Irgendeiner der Anspruche 1 bis 12, wobei das bei- 
geordnete Polymersystem des reaktiven Prepoly- 
mers (b) (ii) des weiteren ein biokompatibles Har- 
tungsmittel umfa&t, welches fahig ist eine Vernet- 
zungsreaktion des reaktiven Prepolymers zu stei- 
gem. 

18. Irgendeiner der Anspruche 1 bis 12, wobei das re- 
aktive Prepolymer ein Acrylester terminlertes biolo- 
gisch abbaubares Prepolymer ist. 

19. Irgendelnerder Anspruche 1 bis 12, wobei das bei- 
geordnete Polymersystem des reaktiven Prepoly- 
mers (b) (ii) ein pharmazeutisch akzeptables orga- 
nisches Losungsmittel umfaRt, das mischbar bis di- 
spergierbar mit Wasser und Korperflusslgkeit ist. 

20. Irgendelnerder Anspruche 1 bis 12, wobei das bio- 
kompatible organische Losungsmittel gewahit wird 
aus der Gruppe bestehend aus N-Methyl-2-pyrroli- 
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don, 2-Pyrroljdon, Cj-Cg-Alkanolen, 2-Ethoxyetha- 
nol, Alkylestem, Carbonaten, Ethylenglycoldlme- 
thylether, Propylenglycol, 1,3-ButyIenglycol, e-Ca- 
prolacton, y-Butyrolacton, Dlmethylformamid, Di- 
methylycetamld, DImethylsulfoxid, Dimethylsulfon, 5 
cyclischen Alkylamiden, Decylmethylsulfoxid, Ol- 
saure, N,N-Diethyl-m-toluamid, 2,2-Dimethyl- 
1 ,3-dioxolon-4-methanol, 1-Dodecylazacyclohep- 
tan-2-on, und jedweder Kombination davon. 

10 

21. Irgendeiner der Anspruche 1 bis 12, wobei das or- 
ganische Losungsmittel gewahltwird aus der Grup- 
pe bestehend aus N-Methyl-2-pyrrolidon. 2-Pyrroli- 
don, Dimethylsulfoxld, Propylencarbonat, Ethyllac- 
tat und Kombinationen und Mischungen davon. 15 

22. Irgendeiner der Anspruche 1 bis 12, wobei das or- 
ganische Losungsmittel eine Mischung aus einem 
ersten organischen LGsungsmittel, welches fahig 
1st das thermoplastlsche Polymer zu lOsen, und el- 20 
nam zwelten organischen Losungsmittel, welches 
unfahig Oder weniger fahig istdas thermoplastlsche 
Polymer zu losen als das erste organische Lo- 
sungsmittel, ist; 

wobei die ersten und zweiten Losungsmittel in der 25 
Mischung In eInem Verhaltnis enthalten sind, so 
dass das thermoplastlsche Polymer darin loslich ist 
und bei Plazieren der Zusammensetzung in den 
Korper und der Abfuhrung Oder Diffusion. des Ld- 
sungsmittels in die KdrperflOsslgkeit koaguliert, um 30 
eine feste Matrix zu bilden. 

23. Irgendeiner der Anspruche 1 bis 12, wobei das bel- 
geordnete Polymersystem des weiteren ein biolo- 
gisch aktives Agens umfaUt, welches gewahit wird 35 
aus der Gruppe bestehend aus Antibiotika, Analge- 
tika, wachstumsfordernden Mittein, Gerinnungsmit- 
teln, Anasthetika, Antiseptika, Antioxidantien, Ent- 
zundungshemmem und Mischungen davon. 

40 

24. Irgendeiner der AnsprQche 1 bis 1 2, wobei das bei- 
geordnete Polymersystem des weiteren ein blolo- 
gisch aktives Agens umfaRt, welches gewahit wird 
aus der Gruppe bestehend aus Antibiotika, antimi- 
krobiellen MItteIn, antlviralen Mittein, antibakteriel- 45 
len Mittein, antiparasitaren MItteIn, Antimykotika 
und Mischungen davon. 

25. Anspruch 23, wobei das biologisch aktive Agens fa- 
hig ist Knochenwachstum zu stimulieren und ge- so 
wahit wird aus der Gruppe bestehend aus eInem 
osteoinduktiven Faktor, Knochenform blldendem 
Protein, demineralisierter Knochenmatrix und Frei- 
setzungsfaktoren davon, Diphosphorsaure, Poly- 
phosphorsaure, Antiostrogen, Natriumfluorid und 55 
Mischungen davon. 

26. Anspruch 23, wobei das biologisch aktive Agens ein 
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Wachstumsfaktor ist, gewahit aus der Gruppe be- 
stehend aus Fibroplasten-Wachstumsfaktor, epi- 
dermalem Wachstumsfaktor, Endothelzell-Wachs- 
tumsfaktor, Blutplattchen abgeleitetem Wachs- 
tumsfaktor, insulinartigem Wachstumsfaktor, Perl- 
dontaliigamentzell-Wachstumsfaktor, Zementbin- 
dungsextrakt, Fibronektin und Mischungen davon. 

27. Irgendeiner der AnsprQche 1 bis 12, wobei das bei- 
geordnete Polymersystem des weiteren eine Kom- 
ponente mit kontrollierter Freisetzung, die mit eI- 
nem biologisch aktiven Agens assoziiert ist, um- 
faRt; 

wobei die Komponente mit kontrollierter Freiset- 
zung gewahit wird aus der Gruppe bestehend aus 
einem Nanopartikel, Cyclodextrin, einer Mikrokap- 
sel, einer Micelle, einem Liposom, einer Faser, ei- 
nem Kugelchen, einem Salz des aktiven Agens mit 
niedriger Wasserl5slichkeit, einem Komplex des 
aktiven Agens, und einem Konjugat des aktiven 
Agens. 

28. Irgendeiner der Anspruche 1 bis 12, wobei das bei- 
geordnete Polymersystem des weiteren ein Poren 
bildendes Agens umfaBt, gewahit aus der Gruppe 
bestehend aus einem Zucker. Salz und wasserlos- 
lichem Polymer. 



Revendications 

1 . Dispositif medical comprenant : 

(a) un dispositif implantable chirurgicalement 
destine a etre utilise avec un tissu humain ou 
animal, combine a : 

(b) un systeme auxiliaire de polymeres ; 

le systeme auxiliaire de polymeres etant corn- 
bind au dispositif implantable pour ameliorer la 
compatibllite, I'adherence, I'adaptation et/ou la re- 
tention du dispositif Implantable lorsqu'il est place 
en contact avec ledit tissu, et/ou pour fermer une 
plaie, une incision ou une ouverture pratlquee dans 
ledit tissu pour reduire la perte de fluide corporel ou 
pour reduire les infections bacteriennes lorsque le 
dispositif implantable est place en contact avec ledit 
tissu ; 

le systeme auxiliaire de polymeres 
comprenant : 

(i) un polymdre thermoplastique biodegradable 
et pharmaceutiquement acceptable qui n'est 
pas soluble dans I'eau ou dans les fluides cor- 
porals humains ou animaux, et un solvant or- 
ganique biocompatible qui solubilise le polyme- 
re et qui est miscible a dispersible dans I'eau 
ou dans les fluides corporels humains ou ani- 
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maux, et qui est capable de se disslper du sys- 
teme de polymeres dans le fluide tissulaire voi- 
sin, moyennant quoi le polymdre thermoplasti- 
que forme une matrice solide ; ou 
(ii) un prepoiymere reactif biodegradable liqui- 5 
de et pharmaceutiquement acceptable capable 
de durcir/n situ pour former une matrice solide. 

Dispositif medical selon la revendication 1, dans le- 
quel le systeme auxiliaire de polymeres se trouve to 
sous ia forme d'une matrice solide preparSe en : 

(I) ajoutant de I'eau ou du fluide corporel hu- 
main ou animal au systeme auxiliaire de poly- 
m6res thermoplastiques ; ou is 
(ii) ajoutant un catalyseur ou un initiateur au 
systeme de prepoiymere reactif. 

Dispositif medical selon la revendication 2, dans le- 
quel la matrice solide est microporeuse. 20 

Bandage destine a etre utilise pourfermer une plaie 
dans un tissu corporel ; 

le bandage etant revetu d'une certaine quan- 
tite de systeme auxiliaire de polymeres, de telle sor- 25 
te que le bandage ferme la plaie lorsqu'il est place 
en contact avec le tissu corporel et lors de la coa- 
gulation du systeme de polymeres pour former une 
matrice solide ; 

le systeme auxiliaire de polymeres 30 
comprenant : 

(a) un polymere thermoplastique biodegrada- 
ble et pharmaceutiquement acceptable qui 
n'est pas soluble dans I'eau ou dans las fluides 35 
corporels, et un solvant organique biocompati- 
ble qui solubilise le polymere et qui est miscibte 

a dispersible dans I'eau ou dans des fluides 
corporels, et capable de se dissiper ou se dis- 
perser a partir du systeme de polymeres dans 40 
le fluide tissulaire voisin, moyennant quoi le po- 
lymere thermoplastique forme une matrice 
solide ; ou 

(b) un prepoiymere reactif biodegradable liqui- 

de et pharmaceutiquement acceptable capable 45 
de durclr/n situ pour former une matrice solide. 

Bandage selon la revendication 4, dans lequel le 
bandage est biodegradable et choisi dans le groupe 
comprenant un tissu, un maillage, une toile, un filet so 
et des combinaisons de ceux-ci. 

Bandage selon la revendication 4, dans lequel un 
agent biologiquement actif est incorpore dans le 
bandage, le systeme auxiliaire de polymeres ou les ss 

deux. 

Systeme auxiliaire de polymeres destine a etre uti- 



lise combine d un dispositif implantable chimrgica- 
lement pourameliorer la compatibilite, I'adherence, 
I'adaptation et/ou la retention du dispositif implan- 
table avec le tissu humain ou animal, et/ou pourfer- 
mer une plaie, une incision ou une ouverture prati- 
quee dans ledit tissu pour reduire la perte de fluide 
corporel ou reduire les infections bacterienne lors- 
que le dispositif implantable est placd en contact 
avec ledit tissu ; 

le systeme auxiliaire de polymeres etant ap- 
plique au dispositif chirurgicalement implantable de 
telle sorte que ia combinaison du systeme auxiliaire 
de polymeres et du dispositif est efTicace pour ob- 
tenir ladlte amelioration ou fermeture ; 

dans lequel le systeme auxiliaire de polyme- 
res comprend : 

(i) un polymere thermoplastique biodegradable 
et pharmaceutiquement acceptable qui n'est 
pas soluble dans I'eau ou dans des fluides cor- 
porels humains ou animaux, et un solvant or- 
ganique biocompatible qui solubilise le polyme- 
re et qui est miscible a dispersible dans I'eau 
ou dans des fluides corporels humains ou ani- 
maux, et etre capable de se dissiper a partir du 
systeme de polymeres dans le fluide tissulaire 
voisin, moyennant quoi le polymere thermo- 
plastique forme une matrice solide ; ou 

(ii) un prepoiymere reactif biodegradable liqui- 
de et pharmaceutiquement acceptable capable 
de durclr in situ pour former une matrice solide. 

8. Systeme auxiliaire de polymeres destine a etre uti- 
lise conjointement avec un bandage destine a ter- 
mer une plaie dans un tissu corporel ; 

le systeme auxiliaire de polymeres etant ap- 
plique au bandage de telle sorte que la combinaison 
du systeme auxiliaire de polymeres et du bandage 
soit efficace pour fermer la plaie lorsqu'il est place 
en contact avec ledit tissu corporel et lors de la coa- 
gulation du systeme de polymeres pour former une 
matrice solide ; 

dans lequel le systeme auxiliaire de polyme- 
res comprend : 

(I) un polymere thermoplastique biodegradable 
et pharmaceutiquement acceptable qui n'est 
pas soluble dans I'eau ou dans des fluides cor- 
porels humains ou animaux, et un solvant or- 
ganique biocompatible qui solubilise le polyme- 
re et qui est miscible a dispersible dans I'eau 
ou dans des fluides corporels humains ou ani- 
maux, et qui est capable de se dissiper a partir 
du systeme de polymeres dans le fluide tissu- 
laire voisin, moyennant quoi le polymere ther- 
moplastique forme une matrice solide ; ou 
(ii) un prepoiymere reactif biodegradable liqui- 
de et pharmaceutiquement acceptable capable 
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de durcir/n situ pour former une mathce solide. 

9. Systeme auxiliaire de polymeres destine a etre uti- 
lise comme medicament pour traiter un trouble 

osseux ; 

le medicament ayant une viscosite efficace 
pour etre introduit par i'lntermediaire d'un stent os- 
seux ou d'une chambre osseuse dans ia moelie os- 
seuse vivante, et pour coaguler ou durclr/n situ afin 
de former une matrice solide ; 

(i) un polymere thermoplastlque biodegradable 
et pharmaceutiquement acceptable qui n'est 
pas soluble dans I'eau ou dans des fluides cor- 
porels humains ou animaux, et un solvant or- 
ganique biocompatible qui solubilise le polyme- 
re et qui est miscible a dispersible dans i'eau 
ou dans des fluides corporels humains ou ani- 
maux, et qui est capable de se dissiper d partlr 
du systdme de polymeres dans le fluide tissu- 
laire voisin, moyennant quoi le polymere ther- 
moplastique forme une matrice solide ; ou 

(ii) un prepolymere reactif biodegradable liqui- 
de et pharmaceutiquement acceptable capable 
de durclr/n situ pour former une matrice solide. 

10. Utilisation d'un systeme auxiliaire de polymeres 
pour la fabrication d'un dispositif destine a etre im- 
plante chirurgicalement dans un tissu corporal ; 

le systeme auxiliaire de polymeres etant ap- 
plique au dispositif chirurgicalement implantable de 
telle sorteque la combinaison du systeme auxiliaire 
de polymeres et du dispositif soit efficace pour ame- 
liorer la compatibillte, ('adherence, I'adaptation et/ 
ou la retention du dispositif implantable lorsqu'il est 
place en contact avec ledit tissu, et/ou pour fermer 
une plale, une incision ou une ouverture pratiquee 
dans ledit tissu pour reduire la perte de fluide cor- 
porel ou pour reduire les infections bacteriennes 
lorsque le dispositif implantable est placS en con- 
tact avec ledit tissu ; 

dans lequel le systeme auxiliaire de polyme- 
res comprend : 

(1) un polymere thermoplastlque biodegradable 
et pharmaceutiquement acceptable qui n'est 
pas soluble dans I'eau ou dans des fluides cor- 
porels humains ou animaux, et un solvant or- 
ganique biocompatible qui solubilise le polyme- 
re et qui est miscible a dispersible dans I'eau 
ou dans des fluides corporels humains ou ani- 
maux, et qui est capable de se dissiper d partir 
du systeme de polymeres dans le fluide tissu- 
laire voisin, moyennant quoi le polymere ther- 
moplastique forme une matrice solide ; ou 
(ii) un prepolymere reactif biodegradable liqui- 
de et pharmaceutiquement acceptable capable 
de durcir/n situ pour former une matrice solide. 



11. Utilisation d'un systeme auxiliaire de polymeres 
pour la fabrication d'un materiau pour bandage des- 
tine a fermer une plaie dans un tissu corporal ; 

le systeme auxiliaire de polymeres etant ap- 
5 pllque au bandage de telle sorte que la combinaison 
du systeme auxiliaire de polymeres et du bandage 
soit efficace pour fermer la plaie lorsqu'il est place 
en contact avec ledit tissu corporel et lors de la coa- 
gulation du systeme de polymeres pour former une 
10 matrice solide ; 

dans lequel le systeme auxiliaire de polyme- 
res comprend : 

(I) un polymere thermoplastlque biodegradable 
15 et pharmaceutiquement acceptable qui n'est 

pas soluble dans I'eau ou dans des fluides cor- 
porels humains ou animaux, et un solvant or- 
ganique biocompatible qui solubilise le polyme- 
re et qui est miscible a dispersible dans I'eau 
20 ou dans des fluides corporels humains ou ani- 

maux, et qui est capable de se dissiper a partir 
du systeme de polymeres dans le fluide tlssu- 
laire voisin, moyennant quoi le polymere ther- 
moplastlque forme une matrice solide ; ou 
25 (11) un prepolymere reactif biodegradable liqul- 

de et pharmaceutiquement acceptable capable 
de durcir in situ pour former une matrice solide. 

12. Utilisation d'un systeme auxiliaire de polymeres 
30 pour la fabrication d'un medicament destine a traiter 

un trouble osseux ; 

le medicament ayant une viscosite efficace 
pour etre introduit par Tintermediaire d'un stent os- 
seux ou d'une chambre osseuse dans la moelle os- 
35 seuse vivante, et pour coaguler ou durcir afin de for- 
mer une matrice solide ; 

dans laquelle le systeme auxiliaire de polyme- 
res comprend un agent blologiquement actif, et : 

40 (I) un polymere thermoplastlque biodegradable 

et pharmaceutiquement acceptable qui n'est 
pas soluble dans I'eau ou dans des fluides cor- 
porels humains ou animaux, et un solvant or- 
ganique biocompatible qui solubilise le polyme- 
45 re et qui est miscible a dispersible dans I'eau 

ou dans des fluides corporels humains ou ani- 
maux, et qui est capable de se dissiper a partir 
du systeme de polymeres dans le fluide tissu- 
lalre voisin, moyennant quoi le polymere ther- 
50 moplastique forme une matrice solide ; ou 

(ii) un prepolymere reactif biodegradable liqui- 
de et pharmaceutiquement acceptable capable 
de durcir in situ pour former une matrice solide. 

55 13. Utilisation selon la revendication 9 ou 12, dans la- 
quelle I'agent blologiquement actif est I'erythropoTe- 
tine Incluse dans le systeme auxiliaire de polymeres 
dans une certaine quantite pour stimuler i'erythro- 
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genese chez un patient souffrant d'anemie chroni- 
que. 

14. Chacune des revendications 1 a 3, 7 et 10, dans 
laquelle le dispositif chirurgicalement implantable 5 
est choisi dans le groupe comprenant una suture, 
une agrafe, un clamp, un tissu, un maillage, un filet, 
une toile, un filtre au charbon, un os artificiel, une 
vis, une lame osseuse, une broche orthopedique, 
un stent osseux, un clou, une valve en silicone, une 
prothese de hanche, une prothese du genou, un 
coeur artificiel, une prothese dentaire, un Implant 
dentaire, un catheter et des combinalsons de ceux- 
ci. 

15. Chacune des revendications 1 a 12. dans laquelle 
le polymere thennoplastique est choisi dans le 
groupe comprenant les polylactides, les polyglyco- 
lides, les polycaprolactones, les polyanhydrides, 
les polyamides, les polyurethanes, les polyestera- 
mides. les polyorthoesters, les polydioxanones, les 
polyacetals, les polycetals, les polycarbonates, les 
polyorthocarbonates, les polyphosphazenes, les 
polyhydroxybutyrates, les polyhydroxyvalerates, 
les oxalates de polyalkyl^ne, les succinates de po- 
lyalkylene, les polyacides amines et des copolyme- 
res, des terpolymeres et n'lmporte quelle combinai- 
son de ceux-ci. 

16. Chacune des revendications 1 a 12, dans laquelle 
le polymere thermoplastique est choisi dans le 
groupe comprenant les polylactides, les polyglyco- 
lides, les polycaprolactones et des copolym^res de 
ceux-ci. 

17. Chacune des revendications 1 a 12. dans laquelle 
le systeme auxlliaire de polymeres du prepolymere 
reactif (b) (ii) comprend en outre un agent durcis- 
seur biocompatible capable d'ameliorer une reac- 
tion de reticulation du prepolymere reactif. 

18. Chacune des revendications 1 a 12, dans laquelle 
le prepolymere reactif est un prepolymere biode- 
gradable a tenninaison ester acrylique. 

19. Chacune des revendications 1 a 12, dans laquelle 
le systeme auxiliaire de polymeres du prepolymere 
reactif (b) (ii) comprend un solvent organique phar- 
maceutiquement acceptable qui est miscible pour 
pouvoir se disperser dans I'eau ou dans un fluide 
corporel. 

20. Chacune des revendications 1 a 12, dans laquelle 
le solvant organique biocompatible est choisi dans 
le groupe comprenant la N-methyl-2-pyn'olidone, la 
2-pyrrolidone, les alcanols en C2 a Cg, le 2-ethoxye- 
thanol. les esters alkyliques, les carbonates, le di- 
methylether d'ethylene glycol, le propylene glycol. 



le 1,3-butyiene glycol, la e-caprolactone, la 7-buty- 
rolactone, le dimethylformamide, le dimethylaceta- 
mlde, le dimethylsulfoxyde, la dimethylsulfone, les 
amides d'alkyle cycliques, le decylmethylsulfoxyde, 
Tacide oleique, le N,N-diethyi-m-toluamide, le 
2,2-dimethyl-1,3-dioxolone-4-methanol, la 1-dode- 
cylazacycloheptan-2-one et n'importe quelle com- 
binalson de ceux-ci. 

21. Chacune des revendications 1 a 12, dans laquelle 
le solvant organique est choisi dans le groupe com- 
prenant la N-methyl-2-pyrrolidone, la 2-pyrrolidone, 
le dimethylsulfoxyde, le carbonate de propylene, le 
lactate d'ethyle, et des combinalsons et des melan- 
ges de ceux-ci. 

22. Chacune des revendications 1 a 12, dans laquelle 
le solvant organique est un melange d'un premier 
solvant organique capable de dissoudre le polyme- 
re thennoplastique et d'un second solvant organi- 
que incapable ou moins capable de dissoudre le po- 
lymere thermoplastique que le premier solvant 
organique ; 

les premier et second solvants Indus dans le 
melange selon un rapport tel que le polymere ther- 
moplastique est soluble dans celui-ci, et coagule 
pour former une matrice solide lorsqu'on place la 
composition dans I'organisme et lors de la dissipa- 
tion ou de la diffusion du solvant dans le fluide cor- 
porel. 

23. Chacune des revendications 1 a 12, dans laquelle 
le systeme auxiliaire de polymeres comprend en 
outre un agent blologiquement actif choisi dans le 
groupe comprenant des antlbiotiques, des analge- 
siques, des agents favorisant la croissance, des 
agents coagulants, des anesthesiques, des anti- 
septiques. des antioxydants, des anti-inflammatoi- 
res et des melanges de ceux-ci. 

24. Chacune des revendications 1 a 12, dans laquelle 
le systeme auxiliaire de polymeres comprend en 
outre un agent blologiquement actif choisi dans le 
groupe comprenant des antibiotiques, des antimi- 
crobiens, des antiviraux, des antlbacteriens, des 
antiparasitaires, des antifongiques et des melanges 
de ceux-ci. 

25. La revendication 23, dans laquelle I'agent actif bio- 
logique est capable de stimuler la croissance os- 
seuse et est choisi dans le groupe comprenant un 
facteur osteoinducteur, une proteine osseuse mor- 
phogenique, une matrice osseuse deminerallsee et 
des facteurs de liberation de ceux-ci, de I'acide di- 
phosphorique, de I'acide polyphosphorique, un an- 
ti-oestrogene, du fluorure de sodium et des melan- 
ges de ceux-cl. 
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26. La revendication 23, dans iaquelle I'agent biologi- 
quement actif est un facteur de croissance choisi 
dans le groupe comprenant un facteur de croissan- 
ce fibroblastique, un facteur de croissance epider- 
mjque, un facteur de croissance cellulaire endothe- 5 
lial, un facteur de croissance derive des plaquettes, 

la somatomedine, un facteur de croissance cellulai- 
re du ligament perlodontique, un extrait d'une fixa- 
tion par cement, la fibronectlne et des melanges de 
ceux-cl. 10 

27. Chacune des revendications 1 a 12, dans Iaquelle 
le syst^me auxiliaire de polym^res comprend en 
outre un composant a liberation control^e assocl6 

a un agent biologiquement actif; is 

dans Iaquelle le composant a liberation con- 
trolee est choisi dans le groupe comprenant une na- 
noparticule, la cyclodextrine, une microgelule, une 
micelle, un liposome, une fibre, une perle, un sel 
faiblement hydrosoluble de I'agent actif. un comple- 20 
xe de I'agent actif et un conjugud de I'agent actif. 

28. Chacune des revendications 1 a 12, dans Iaquelle 
le systeme auxiliaire de polymeres comprend en 
outre un agent formant des pores choisi dans un 25 
groupe comprenant un sucre, un sel et un polymere 
hydrosoluble. 
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